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Oxide sensor 



■ (57) - ; Disclosed isVan; oxide s^^ : ■ 

jurihg electir6de:(72) is arriahged at a distance d to satisfy : 
.-3t ■ s ;d 3t tor a dowhs^ end of an jriner pLrmpIng y 
; eiectrcxiel (64) for a; first chamber (60), ;i.e., the: end Ip- : : 
vcated on a.side.pf.a.se^^ 

■section :(58j/:pirpyicied: that jd fepresents :a distknce beV: ; 

! itween : i the; ; measunng i. elect^ i -the ■ -dowri- : ; 

. stream end in: a positive direction directed from the first ; 
chamber ; (60) to a - second chamber (76) » ; and :t repre- 
sehts a lieight-df thiB first ch partiarpres^;^ 

Vsure of oxygen in the first charhber (60) is measured by 

Uusingthemeasu 



: . (68) is subjected to feedback control on the basis of B; 

i; measured yalije (Vt that the; partial: pressure of bx-^ ; 
:V ygen in the first; chamber: (60) is cohlrplIed/Afterl 
I : i imeasurement; gas: is introduced into the; second: cham-^: ; 
i^lber (62). Gxides^^^ 

decomposed by the aid of a detecting electrode (82) or : : 
U a catalyst; A part iai pressu i-e :6f : oxy gen iprbduced by: the^ : 

': decomposiiiori is^m 

; ; tipn of the oxides. Accordiiigly, it is posstiale. to measure : : 

i; theiiipx^ 

V: /extremely: h igh : degree ■ of : acc yracy. : : Moreover. : th e, obr : : 
;:; tainable oxide serisbr is; compact 
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BACKGROUND OF THE INVENtiGN 



. .Field of the Invention: ■ ■ 

^ The present invention relates to an oxide sensor for 
measuring dxides; contained in,;: for ex^ 

ii pheric;airand exhaust gas discharged from: vehicles or 
automobilesi such as NO,-. NO2, S02» GO2, and HgO. In 

f particulari the pres»ent invention relates to an oxide sen- 
sor for measuring NO and NOg. 



Description of the Related Art: 



; ; : ; Exhaust gas, wh ich is ; discharged, - for example, 
: 1 rom vehicles ; or- automobiles such as gasoline-fueled; 
v automobiies and dieset powered automobileSi contains 

nitrogen oxides (NOx) such as; nitrogen monoxide (NO) 

and nitrogen dioxidei (N02), as well as carbon monoxide 
■ (CO), carbon dioxide ;(C02), water (H^G), hydrocarbon 
;; (HG), hydrogen; (H2), ; oxygen (O2) and so on: Ini such 

exhaust gas^ about 80^% 

by ISIO, and about 9^ ;% of the; entire NOx Is occupied 
by NOand NO2. . ' ■ . 

The three way ciataiyst,: which is used: to cle^ 
eo. and iNpx contain ed in the exhaust gasi exhibits its 
:.maximurn cleemjng effia 

: ; retieal; air: fuel ratio :(A/F ;= ; 1 4:6):: If: A/F; is controlled to 
; ;be not iless than 1 6, the amount of produced NQx is de- 
creaised However, the cleaning efficiency of the^^^^^ 
is lowered : and consequently the amount of discharged; 
NOx is apt to increase. 

: : : : Rocently, in order to effectively utilize fossij f liel and 
avoid global warming, the marketdemand increases, for 

- exarriple, ; in that the; discharge: amount of ; CG2 should ; 
; be ;suppressed;; 1 n; order; to; respond to such a demand^; 

itbecomes more necessaiy to improve the fuel ■efficien-! 

- cy. In response to such a demand, for example, the lean 
burn engine arid the catalyst forcleanirig NOx are being 
researched Especially the need for a 

creases, '' 

A •: A C^^ 

;known as an instrument for detecting NOx: The co^ 
tiohal ; NOx ;analyzer is; operated; to; nieasure a charac- ; 
teristic inherent in NOx; based on the use of cheiiniicah 
: lurnirious analysis; However, the conventional NQx an- 
alyzer is incorivehient in t^ 

; trernely large and expensive. The conventional; NOx an-: : 
; alyzer requires frequent ; rhaintenance ; because; optical; 
parts are used to detect NOx: Further, When the con- 
ventional jslpx ahaVzer is used* any ;sanipiing operation ^ 
shquid be performed for measureme it 
::is; impossible Ip directly insert a detectirig elGrneht itself :: 
jnto a fluid: Therefore; the conventional; NOx analyzer |s 
: riot suitableforanaiyz 

; those occur in the exhaust gas discharged f ronr) ian Vau^; : 
tbrhdbile, in which the condition frequently varies. 



In order to overcome the inconveniences as de- 
scribed above; there has beein already suggested a sen- 
sor for measuring a desired: gas corrippnent in exhaust 
gas by using a substrate comprising an oxygen ion-con- 
5 ductive solid electrolyte: 
: FIG; 11 shows a system of a gas analyzer disclosed 
in Ihterriatiohal Publication WO 95/30146. This appara^ 
tus comprises a ifirst chanriber 4 into which a measure- / 
ment gas containing NO is introduced through a narrow 
10 hole '2, and a second chamber 8 into which .the meas- 
urement ;gas ; is introduced ; from the first chamber 4 
through a narrow hole 6;; Wall surfaces for constructing;; 
the first and second chambers 4:8 are composed of par- 
tition walls 1 Ga, 10b nriade of zircon ia (2r02) capable of 
transmitting oxygen Ion. A pair of .rneasu ring electrc^ 
: 12a, 12b and a pair of metasuring: electrodes: :14a,: 14^ 
;;::;; for measuring the; partial pressure ; of; oxygen in ; the; re- ■ ; 
spective chambers are arranged on: portions of one : 
Zr02 partition wall 10a corresponding to the first and;; 
20 second chambers 4, 8 respectively. A set of pumping 
: electrodes; :1 6a,: :1 6b and a set of pumping electrodes 
; ; 1 8a; 1 8b for pumping out O2 in the respective chambers 
to the outside of .the charpbers are arranged on the other 

:Zr02partition;w^li:ipb:^^^^^^^^ , . ; 
25 The gas analyzer thus constructed functions as f of- : 
lows. Narhely, the partial pressure of oxygen contained 
in the measurement; gas: introduced into the first cham- 
ber 4 through the narrow hole 2 is detected by a voltme^ 
; : : : ter 20 as :^n electric potential difference; generated be- 
\\30 ; tween the; measuring; electrodes 1 Sa^ 1 2b:; A voltage of ■ 

: ■: : . ; i OO tO^: 

; : trodes 1 Sa^ 1 6b by the aid of a power source 22 so that; ; 
the electric potential difference is adjusted to have a pre^ - 
::::;: determined valuo. Accordingly, O2 in : the first chamber 
; 55 4 is; pumped; out to the outside of the apparatus- :The: 
; : : ;amount;of pumped: out; oxygen c 
;;;;;;;;; inganammeter 24: 

TTie measurement gaSi from which almost :air^C^ 
has been removed, ;is introduced into the second cham- ; 
40 ber 8 th rough the narrow hole 6. 1 n the second chamber 
. 8, an electric potential differeh 

;;;;; measuring electrodes 1 4a, ;1 4b is detected by a; voltrrier; ; 
v : ter 26 Thus the partial pressure of oxygen in the second ' ^ 

chamber 8 is measured: On the other hand. N^^ 
; 45 : : tained in the ; measu rement gas introduced; into; the; sec^; ; 

: bnd chamber 8 is decomposed as follows by the aid of 
; : ; ; ; ; a voltage applied between the puiriping electrodes 1 8a, 
1 8b by means of a power source 28: 



so ■ 



NO -» (i/2)N2 + (1/2)02; 



O2 produced by the decomposition is purriped put to the 
::;:.: outside of tho secohd Chamber 8 by the aid of ;tfie punipi- : 
; 55 ing electrodes ;:1 8a: : 1 8b: A value of an electric current 

generated.during this process is detected by an amnne- 
; : ; ter :30.; Thus the concentration of NO contained in: the ; 

rrieas u rem ent gas is measij red. 
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However, the ;;gas i analyzer : coh^ as de* 

scr ib ed above: ca uses g incqny en ie n t s it ua- 

tion. Namely, when the cpncentratipaof P2 contained in 
the: measurement gas: is high ■ a high voltage is appiied 
between the purnping.e 
; of an electric potential diffisrerice measured by the yblt-^ 
rheter 20i in order to reriripve In this process; .P2 in 
tha first chamber 4 is excessively el inn inated:;^^ A 
an equilibrium state established between NO and other 
gases in the first. chamber 
v uation in which NO is on the pumpirig elec-: 

: i trbde 1 6b; Wheh suchia situation bceui^s,^ it is impossible 
:. to accurately measure 'the ■ conce ^^P . ; ^^^.^^ 

on the : measurement ; gas; ; introduced; into the ; secorid 
chaiTitier SJ.When.the^b^ 

connppsitipn: ;pf : KiO Vrnay : sca^^^^ obcui', because : the 
: voltage : appiiedi between : the: punHping: electrodes : 1 6a,: 
1 6b- is low; -■■■■:■:'.■.''■'■■'■ 



S UMM ARY OF TH E | NY EfsJ JIQN; ; 

The preserit invention aims to^^ QfT"®'' 
.lorate the^^^ 

: :proyideV;an ; oxide ; sensor; ;which:: makes ; it : possjble to 

rrieasure' oxides, cbhtairied in 'gas. with 

an extremely high degree of accura 

being compact and; inexpensive; ; v 

According to Ihe^ jpreserit inyentibn ah oxide se 
: is provided bpmprisiing a main means includirig 

■a j solid i ieleet rolyteU for .-c^ 
: andjnrnerando 

: er; surfaces: of nthe;;sblid;; electro lyte,:::for^ 
:Vpumpin g : p coniained - ih: 3; rneasu re:; 

V ment gas tntr6duced:ifr6rfi the external sipace, on the- ba^ 
: : sis of a control ybjtage applied between the electrodes; 

^aiVtx^ 

; ;eiectrolyte, an inner measuring electrode formed on the: 
..sblid.eleetrolytevsb that the inner m 
;; is opposed to the linner pumpin 
vpLinfiping .me^^ 
..fprrped on theVsoIid eje^^ 

: ; inner measuring electrode^: for rneasuring:an ejectrombr 

vtive force vbf: ah :0x^ 

: corresponding: to arbiffere^ 

: tween b)^gen : resulting; from; the; pumping ;p rpcess ; perr ; 
vf ormed by ; the: rnaih; pumping nrieans and oxygen ; con^ 
; tained in :a;gas:existing pnja side;of the outer rneasuring 
velecirode; a main pu 

: a : level; of ; Vie cpi^ ; 
; ifbrce of :the : oxygen \ cbhcehtration; cell : detected ; by; th e: 
Vcbhcerit ratibn^rtieasu n iii eans has : a V predeterm ined: 
; value; ;; and ;;an;; electric; isig^ 

: fneari^ ihd eiectrp!y|e and inn er and outer. 

: detecting :electrpdes provided :in: contact :vyith :the: solid 
: electroiyte; for providing; by conversion, an; eieclric sig- ; 
.vnarpbrrespo^^^ 

V:the ; ; rneasuremeht;^^ being ; subjected : ; to ; ; the; 

: pumpirig process;; perf ormed;;.by;; the. rriain; purhpirig.: 



rtieans; wherein the inner measuring electrbde; is ar-: 
ranged at a position at which -3t ^d isi satisf ied pirpyided 
: : : :thalia downstream direction ajphg a space f or the purrip-: . 

Ing process performed by the main: pumping means is ■ 
.5 defined as a positive direction, a height of. the.space for 
; ; ;: the;pumpihg process . is ; rep riBsehted: by, t;; and a project ■ 
tlve distance, between a downstream^ end^ of the '■ iriher 
: ; ; pump irig e iectrode of the riiain pumping ; means; and a ; 
: : : : : center of the : inner measuring electrode ;of the concent^ 

:^^^^9'rf^^^^!^^^'^^ means is represerited. by. d,^- 
: : : V: virfiere^ Ip the measurement: gas ; are rinieasured : : 

; bhthe basis of this electric:signal;supplii5d frbm;the;elec-;^ 
;;;; trie sig^ 

Accbrding tb the prieseht; irivehtibh, at ;f iirsl; ; the ox- ; 
: ygeri.iri the 1^ 

; ; terna .js: subjected toithe; pumping process perr 

::;::: formed by the main pumping meansi and the oxygen is : 
adjusted to have a predetermined: concentration : The : : 
measu rem ent: gas , in wh ich th e ^ oxygen ; cbnce ntration ; ; 
: 20 has been adjusted by the rnain; puriipirig means;; is in^ 
;; :;;:: ::troduced; into ;the electric signalrgehe rating :cpnyersibri. ; 
nneans in :lhe next step. The: electric signal-generating : : 
conversion means perfonms.cpnversion .into the electric 
: ; ; signal ciprresponding to:an arriount of oxygeacbntained : : 
•■■25 : ; jp the measurement gas after^ being .sijbjected lb the ^ 
;; pumping ::prcK:ess^^^ perf ormed by the;; main : purnpihg : : 
; means. After that, the oxides contained in the measure^: 
. ■ ment gas are measured on^t^ 

: . : : pal supplicd i rpm the electric signalrgenerating converr: 
. . 30 . sion..meanis.;: ' ' v ■ 

Du Mpg :the: Operation; desc ribed : above; • the electro- ; 
; ;;:;;;: :;nnotivef6i'ce :is; general cbi'respbhdirig toa difference;;; 
.;;;; ; ; betW^^ oxygen cbhtaihed in the riieas^ v 

::: V: : ; (jrertieht; gas upon the pumping process performed by 
: :: 55 :; ; ;thb main pumping means and an -arinibunt of oxygen con-: : 
: V tained in :the : gas existing on: the; side of the outer meas- 
: ; : : : uring electrode. The level: of the control voltage applied: 

; between the inner and outer pumping elect rbd 
: ;; - -;;main;:pumping ;means is adjusted bn the; basis bf the;; 
: : ;4a: : : : electrpiT)otiye f orce by the.aid b^th^^^^^ 

. trol nri eans^. . V: . V ;.- 'v^'^ ^r'^;v 

: : : : :: :The::main; :purTiping :mearis : performs : the: pumping; ; : 

process for iari amount of the oxygen, .in; t^ 
: :■ merU::gas :i 

: 45 ^ amount:cori'espondihg to the level of :the cpiitror voltage; ; ; 
;;; The oxygen concentration in the rrieasu 
::::::::::: subjected : to ifeedback control so that the oxygen : con- 

;;:■:% 

: : : : ; ::the : main : pumping; means/; the :CGnU^^ 
: : SO: : : : beoh : subjected ' \& the adjustment: for : the: ; level : asi : den : I 
;;:V;,v;:'-'Scribed.-abbve;;,'; ; ; ;;. .;;v:V: -V: -V-'-V^^^^^^^^ 

; ; Accbirdirig ;tb the preisent invention, the ;inner meas-; ; ; 
^ : ; . u a position at which -St^ 

: ::: :^ sd 5 3t is>atjsfied pj^ovldcd 

; : 55 ; ;;thal: the downstream direction along the space: tor the 
; pumping process perf brrned by ■ the;; main jpumping 
:;; :; ;; means is defined as the positive .directioni;the height of 
;;;.: ;.:;.' th fbrthe pumping process is i'epresented .by X, ■ 
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::and the projective distance between the: downstream 
end of the iniier punriping electrode of the main pumping 
: : means: a^ the center of the inner: measuring electrode : 
; of: ithe: coricentrationrmeasuring ; rri is : represented 
by. di -Thus.-th^ .of" 6 

: subjected jo ; the; ; pumping ; process : perforrned ; by ' the ■ : 
- main pumping irieahs can be measured Highly accurate^ ;; 
v jy, making it possible to imprp^ 

ijustment of; the; control vpitage; for the ; main ; pumping; 

means performed by the main pumping control means; 

and jnnprove the : reliability. : As : a: result, ; the ; pumping. : 
; ; process for; oxygen; is performed; ; while; lavbrably ; sujDH i i 

pressing the decomposition of the oxides bh the inh^^ ■ 

pumping electrode; of ;the main pumping; means; :::;;: 

:: ing purnping: means and:a:CurrentTdetecting rneans to 
;serve ;;as:; the : electric ; s 
'nrieans;iri this jaref erred erribbd 

;; gas, in which the oxygen concentration has been adjust- ;; 
ed by the main pumpirlg hneans 
; measuring pumping irieahs. ; ; 

i : ; '■ ; The oxygen in the nrieasurennent gas Is subjected 
. . tp a purnpin g process by th e aid of : the m^^^ pump-;'.- 
;;ing irieians on the basis of a rneasuringLVolta^ applied ;: 
V.betweeh inner and outer detecting electrodes. A 

■ ihg xurreht ::iS:V 'the rVmiBasurihg:: pum 
means; corresponding to an amount of oxygen subject- : ; 

Aed tci the the measu ring . 

:: pumping me^ns. ithe generated purnping.current is de^ 
i tiected by; th ec u r rent-detecting mean s : : Th us the oxi^ 
' -are: measured^ Gorresponding to the: amount of : oxygen/: : : 
; ; ;;As forthe measuririg p^ 

voltage sufficient to .decprtipbse^:^ is applied 

■ between the inneir: arid outer; detecting ;electrpdes, and/ 
or the measuring punnjaingi nriearis; is; arranged with an ; 
oxide-decomposing : catalyst ; for ; decomposing: :the: bx- : : : 

; ides. ; In such an embcdirnent,; oxygeri is prbduceid from; ; ■ 
: the oxides decomposed by: the action of the puhriping v 
; voltage and/orthe action of the oxide-decbmpbisihg cat- ; : 
aiyst; The produced pxycjeh i 

: process, and the pumping curr^ht thereby geiierated. is: ■ 
: i delected ; by ;the -currentTdetec^ ^h® ox- 

ides are meas u red; corr^^^^ 
•ygen. " ■ " • • ^^Vv'. vV v;: • V: ;.;:V:;;::Vv.^^^^ 
: i : : ^ : : : In another : embodirrieriti - ; the jpxide ; sensor lof ;. the ;.;.; 
present invention may f urther . comprise a conceriti-ation^ : : 
; jdetepting means ; ;and; ; a ;^;^^^ ; ; means; ; to; ; ; 

:.serye :vas. :the.^:^^^^^ 

; means jn this embodiment- the measu rernent gas, in 
;which;the concentration of; oxygen has been iad^ 
'by the.rhaih' pumping is- iriti'ciduced: ihtO:the cbri':^: * 

-cent ration-detecting means in the next stepy;^^T^ ; con- ; 
; c^nt riatipn-detect an e I ectrpiifiptiy e ; 

: :force ofiahibxygen concentra^ to : 

; a difference beitween a 
..the measu rem^^^ 

; ;punriping y proce^ss; ; performed: ; by ; ; the; ; ;irnain; ;pumpihg; ; 
.means and an iarnbunt pf- oxygen contained in the. gas - 



existing on the side of: the outer detecting electrode. The 
gerieVated elect rompt rye is detected by the volt- 
: : age-deteiptrng:meai^ are measured, : 

; ■ corresponding to: th^ 

: 5: : ■ : ;(n still ahother om^ the conceh- 

tration-^detecting ; means,;; the; ^ cbncentration-detectihg; ; 

^v; 

fbr decomppsing the oxides; Accor^^ 
; ;; : ;:tive force of an; oxygen, concentration ceil Is generated 
10 between the inrier and outer detecting electrodes; cor-;. 

responding to a difference between an amount of oxy- : : 
; ; gen; produced from; the; oxides decomposed by :the;iac-; ; 
tion of the oxide-decomposing catalyst; and an ;amount:: 
of oxygen contained in the gas existing on the side of ; ; 
rf the outer detecting electrode. The generated electromp- . . 

^ tiye force is detected by the voltageTdetecting mieans;:: 
: ; ; ; ; ; Thus the oxides are : measured, ; corresponding to the ; ; 
: . amount of oxygen. : 

In the oxide ; ; sensor constructed - as : described 
20 atioye; it is preferable; that a width w of the inner meas^J 
;:;.:; .urjng electrode ;pf ;the: cbncehtratiph-measu means. ; ; 
;;;: ; ; along the downstream directjon: satisfies w k St:; thus it;; 
. ■ . . .is. possible to suppress, decomposition of t^ on. . 

;;;;'; the; inner; measu ring: electrode; ;';': :'; ; 
25 ::::::: ::|n the oxide sonsor constructed ■ as ^ described;. 
■ :;:above, it is preferable that the inner pumping electrode 
; ; of ;the main purnping means is composed of an inactive I ; 
; . hnaterla^^^^ a low catalytic.activity.on the oxides. In= 

: : ::::this enfibodiment, the cJecomposIng action on the oxides: 
;30;; ;on;the inner purnpingielectrbde. is suppressed^ m 
: : propriately: Especially, it is poss 

; ; : ; measure riitr^bgen; oxide including NO or NO2. ; :';;;;; ; 

The oxide sensor constructed aS; described abpye v 
; : may f iirther cbmprise ah auxiliary pumping means; in - ■ : 
35 ;; eluding an auxiliary purnping electrode forriried in the vi^; 

cirvity Of the inner detecting electrode, :wh 
;;;;;; gen contained; in themeasurement gas after being sub- 
:.: jected to the pumping p^ 

; pumping means is; subjected to a; purnping ;prc)cess; on; ; 
40 the; basis of a ;ypltage applied between ;.;the 
. pumping electr(^ 

;;;;;;;;; Accordingly^ the rneasurement gas;: vyhich;has beein: ; 

' - firstly subjected to the coarse adjus^^ 
;:V ;v :ydeterrninedfgaS:'^ 

.45. . . centratipn by;.the aid of th main purripihg meahs,* js f urt;.; 
. . ; . . . .the r subjected to the :firie. adjustnrient f or Ihe xoncentrar / 
:;;::;; tipn; of; the; predetermined; gas cornponeni ;by the ; aid ; of ; ; 
the auxiliary purnping means. 
: ::;lh general, :W^ :the predeterr: : 

so ; ; mined gas componient; in ; the rrieasuremeht gas ;ih; the;; 
eicterhal .space greatly changes^^( from 0 :to : : 

: 26 ; :%). the ; concentration :distribution of ; the: priadeter- 
: mined gas^^^ TO 'ip.trpT. 
: . : duced: iritb :the : rnajn :pumpirig mearis :gr;eatly changes: : 
55 the amount of the predetermined gas cornponent inUo- 
duced into the measuring . purnping means or the, cbn^ 
centrati6n<letecting means also changes. ;. 

In such a situation i the oxygen cohcishtratibh i^ 
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:::measurement;gas after being subjected to the pumping ; 
: prpcesis' jperformed by the m pumping ineans is finely ■ '■ 
: : adjusted : upon ihe pumping : process performed by; thet : ; 
; auxiliary ; pumping : means;: Significantly :change: in- 

■ .oxygenv.conceritration 

; ; duced; into the; auxiliary ipuniiping means; is ; greatly; re-;; 
duced as a result of the punripihg process performed by 
Ihe main pumping meanis; as compared with th change v 

i i In oxygen: concentration; in thej measurement :gas sup-i ■ 
phed frorh the external space (the 

■ Iroduced intO: the main pumping means): VAccordingly-^^^ 
lithe c6heentration;Gfithe;predetermined:gasGOT 

Vcah be;accurately;ahd corisia 

; ity: of the inner detecting electrode; of ; the ; measuring;;; 
.^puiripihg^i^^^^ 

: : eleCtirpde: of 1^ :meanS, ::::::::::: 

; ;Therefore- the coricentration: of the: predetermined ; 
: gas component introduced into the rrieasu 
;; means or the concentratioriKletecting means: isscarcely ; 

affected by the change in oxygen-concentration in the 
: measurement gas (the measuremerit gas introduced in^ :: 

to the main pumping means); As a: result, the pumping : 

current value det^^ 

; ;or ; the; electromotive: force; detected; by ; the; :Voltage-<ieT; ; ; 
-tecting means is not affected by the change in coricen- 
tration ■* of the- predeterm 

^measurismiBntigasi Thus a valuers obtained; ;vyrtiich;a 
V curately :Correspphds . to the arriount . of . t^^ 

: component existing inVthe measurement gas^; : ; ::::::::::: : 
;I- ; ■ Lli in the oxid© sensor according to the; p^ 
;:tioni:the:OUte^ 

; ; sitibri [exposed to a; space ; into; which; the; reference ;gas ; ; 
• is\intr6duced;:lliuS:the;6^ 

r urement gas can be conapariBd with the : oxygen: conr;: 
: : tained: firv l^^ it possibid to detect 

the oxides nrwre .accu rately. ' ... 

:.: ; :; Especially/: It: is preferable ;that: the: outer: measuring; ;; 
::electrode arid the outer detecting elect^ 
; : bihed ; into; a : commori : un it ; I n ; th is- embodirhehti ; a ; com^^^^ 
::.rnpf> oleict^ 
:;uriirig.electrpde^^ 

; ; arid : the; ;puter: :detecting : electrode : of : the ; rneasuririg : ; 
- pLfnriping rneans.o^^ 

y:isye>q>os^^^^ :The; : ; 

J common ;.eiectrode can be defined ;as a; ref efehce: elep:: : :.: 
:trode:for the'respecth^e detecting processes peWonrried 
: jby the: ;con;centration:^rpeasurf ifneans. ;the: rneas uring: : : 
pumping^ = rne^ 

; meariS' : ; irJ; aiccbrdance ; Inner:: 
: irheasuring ; : electrode : of i the ; :concentratiori^easuring: :; 
; Vrri eans;; and the : ihrier detiectr ng 'e lectrdde of ;the meas 
; uring; pumping mearis and ;the"concentrati6n -detecting ; ; ; 
. means can be def in ed as a .m^ riri g elect rode and alU 
detecting electrode respectively^ V 
::::::: :the : main : pumping: means : may : include : the : inner : :: 
.ahd-oulerpurhping 

; ;the ;6utside of: a :f irst chamber surrounded ;by sut)strates: ; ; 
. composed ■ of . sol id -electrolytes;.' foi^ . introducing . the ■■■ 



: measurement gas thereinto, and : the ; substrate^ Jnter- 
:;;;■: posed between the both electro 
: ::: :::: : : ::The : electrjc i slgnalrgene rating : conversion: means 
; : : ; ; ; may include the detecting electrode formed at the inside 
5 of a second^ chamber surrounded by substrates com- 
" ; ; posed of solid electrolytes, for introducing the; measure^ 
■ : : . ■ ment gas thereinto after beirig subjected to the pumping 

■ process performed by the main puniping means, ia ref ^ 
: ::: :erence; electrode formed at: the inside of a reference 

. . gas-iritrcducing spa^^ 

: ::V : P 

; ; ; ; ; ; gas thereinto, and the; substrate interposed between the; 

:: : ::: d 

: : ;The concentration-measuring means ; may include ; ; 
; the measuring electrode f 6^ 
::: ::;: Chamber surrounded by substrates composed of : solici: 
:::;:;;: .electrolytes;: for introducing the measurement gas from 

; ;the reference gasTihtroducing ; space; ; surrounded; by; ; 
20 : :su.bstrates composed of solid electrolytes, for introduc- 
::;:::::: irig:the;refjBrence:gas thereinto;:and the;substrate;inter^ 
: :::::: posed between the measuring electrode and the tef er^ 

■ ■ ■ ■ . ence.electrodev * ■}}} ■ ' ;;; . 
;;;;;;;;;;;: The ioxide serisor constructed ; as described above ;; 
: 25;: : may further compriseV first.diffusionyrate^eterrThi^^^ 

: ' : ;V: sectioh jdr g 

; ; ; to; the measurement gas, provided at a passage for in- ; 
U gas from the e^xterhai space 

:^ : ; : : : : ; : i^ 3: socond diff usiott ratOrdeT: 

:^^: : : :.terminihg: sectbn: :f6^^^ 

; resistance to^t^ at a pasr : 

: ; : : ^ sage for intrbducirig the; rineasurement; gas; intoithelsec-r^ ; 

y^:^::V: :0 

: : ::: ess perfoiThed by the; main pumping means: In thi's emr : 
: 35 : ; ; :bodiment, the first; and :secbnd diffusion rat6-<leterniih-; ; 
:;;T:;|;::ing isections may be composed of passages capable of 
;;;:;:;;; g iving predetermined diff usion resistances to the measr : : 
u remerit gas respectively. ; • 

; ; ; The; .oxjde ;seh56r; cofistriicted as described above ; 

;.4o; ; ; ; may further iconriprise.a^.t^^^ 

:;V:-:V::.sbctipn:f9r^ 

; : : ; ;tp the rneas u remerit : gas-: provided; at a passage for air ; ; ; 
: :• : ^ ^ lowIng Iho measurerifjen t gas; In the secmd cham 
: :: : : approach the'detectihg electrode. 
45 : : : ; ; : iPreferabiy^ . the s^^ is ari oxygen ibrir; ;.; 

^ V V c 

: ; ; ; : : : ranriic: such as ZrO^: : Pref erably; ; a porous rnaterial; can 

: . : . M 

: :V; : : : : :the :mea>u r the- first or second dif r: : : 

:5p; ;:; fusion raterdetermining section :ih; order to provide: de-::^ 
;;; V ysigh states pf the measurement gas in the first 

:':V;V:': .'ahd: second chanhbers. : • • . ; ■ 

;:::::::: It ; is preferable \o use an cer^ oxide- 
: : : ::V; ; decprnpcisihg : catalyst for; constructihtj -the electrode or : 
: ; ; the catalyst arranged in; the: first and second charnbers. 
■■ ■T^ 

: e lectrode p roy ided: in that i rst chamt>er rriay b arranged ; ; 

.y... .6^^^^ of 



EP 0 791 826 A1 



;.10;: 



: any one of the substrates; in the first charnber.i ; 

: : A plurality of second chanribers linked to the first : 

: : chamber may .be arranged: in ; series itp :pr : in :parallel to : 

; the f i rst charribery;^ applied between the ©lecT ; 

trodes or the electrdmptive force of the 6 
tration cell gerierated between the electrodes ; may be ; 

: individually: set for the respective second chamberSi de- 
pending on oxides as measurement objectives. Thus a 
plurality of oxides of dififerent types can ba measured by ; 
using one sensor. : ; 

Bnd advan- 

; ; tages iof the present ; invention; will; become rriore: appar- : 
eht from the following description when :taken 
junctk)n with the ;accompanying drawinigs in which ;em*;; 
bpdirnents of thepre 
■.illustrative exsimpje/.ViyV : 



teristic obtainediaExarnpie, and a;chain;|ihe. represents 
a characteristic obtained in eornparatiye Example: 
: : :FIG . 1 1 shoWs 3: crpss-sectional^ IMustratiiig a 
; system : of a gas anajyzer concerning the conventional 
.liBchnique; .^-v;;';, y 

DESCRI PTION OF THE EMBODI ME NTS v.^ 



":PESCRIPTIOr4 qF: THE,pi=^AWIfSjGS ■ 

V: ; F 

SOraCCOrdihg to a first; embodiment. ::::::;;;:;:;:::::: 

:: :: : : : : FIG. :2 stiows 3 cross^sectlonal vlew taken along 3 
Aline;A-Alhf IGMv;;^^v^;^'^^^ 

: ; : ;; FIG; ;|;3;; illustrates ;; relation ; jbetyyeen; ; tha ; ;ar-; ; 
V rangement of a measuring electrode with respect to an . 
yinheir purnping electrode and the partial p 
; ygen; introduced intola second chamber; concerning the; ; 
oxide sensor according to the first embbdirnentiv.^ 
: : : :: FIG. 4 shows characteristlcs of the oxide: sensor ac^ 
Icbrdingtothe first e^^ 
■ between the ;p 

; i into ;a first : chamber; and the: electromotive; force; of; an ; 
oxygen conceritration cell measured; iri'vthe sec^ 
chaiiiber, obtiih^d by b^ 
:mentpf the mea^^ / 

i^ ; ; ;f;lG^ 

; cording to the ;first embodiment; illustratirig relatiOTships;; 

concern ing th e if eedback ^ gain at low aind h igh part lal: : 
:; pressures of oxygen, obtained by changing ;tbe;position ; 

of arrangernent of the measuring electrpde, 

: oxide isenisor according to a isecond enribodiment.; ;;;;;::: 

Fl G; 7 ^ ishows a crbiss-sectional vle^^^^^ 
oxide sensor according to ai third embodirnent 
;-;;; j ; FIG ;8 shows ;a crdssrsectional; yiew; illustrating an ; ; 
: oxide ;sensor;jaccprdihg^^i^ 

; FIG; i:9; «hows ; a ; characteristic :of ; the; pxlde ; sensor ; 
:.accpfdingi^.to^^^ 

: change in elTOirpmptiye i orce gerierated in a measuring ; ; 
: oxygen partial pressui'ekJetecting means depending on: 
the change in NO concentration. 

: :: : Fi G, : ;1 0^ shows characteHstjcs of the oxide ;sensor ; ; 
;according . to the : fourth embodiment, il lustr^ating the 
i changejin: olectrpmptiye force; gen era^^^ in the measurr: 
ing; oxygen; part isii pressure-detecting; cell; obtained by : ; 
.changing |j^^^^ 

! jurisment ;gas ;(fSIO coricentration ;= 300 ; pjam) ; in a; riaiiige; ; 
■^bf O t6/18 %r:W^ 



;;:;;;:;; ; ;Several ; embcxdirnentSi ; in; :vyhich ; the ; oxide ; sensor 
70 - according to the present 

: : sensors for measuring oxides containe in. f or exampje, 
^ ^ ^ atmospheric air and exhaust gas discharged f rorri ivehir 

: Cles or automobiles;: sucK aS; NO; I^O^ 
; : : H26, will be explained below with reference to IrlGis: ;1 
■ to 1 0. * " ; ■ : v.; .V L^:' . ' ■ :■ 

: : : : : : : : : : : : A 2 , : an 'oXicJe: SenSpry: 

;;;;;;;N50 

V V -shaped configuration' aaa iWhbie, comprisihg.'f exarh-: 
: ; pie, six stacked solid electrolyte layers 52a to 52f corn^; 
20 ; posed of ceramics based bh the use of bxy^^ 
; ; duct ive solid electrolytes such as Zr02. First;arid isecond ; 
; ; : layers from the bottom are ;des 
pnd substrate laye^^ 
; ; ; ; ; ; fifth layers f ronn ;thiB: bottom as; first and ; 

■ 25:: :second spacer layers 52c ■ 52e respect wely. Fburth and 
; : sixth layers from the bottbrn^^ as first and 

; ; second solid electrolyte layers 52d, ; 52f respectively. ; ; 

Specifically, the first .Spac^ 

^::: : i: ::t^ substrato layer 52b>: The flrst^^ electrolyte ; 

30- ; layer 52d; the second spacer layer 52e; ;and;tha 

; V; :Vs^ 

;;;;;;;; ;the J\ rst ; spaciar layer 52c.- ; ; 
. . A 

:: ; ; which a ; reference; :gais;s^^^ to ;be ; ; 

; 3S.\ ijsed as a reference for measuring bxidesiis Jntrodu^ 

;; is formed between the second: subs 
:;::;;; the; first solid electrolyte ;layer;52di the space being com-: : 

: p^ 

; ; ; ; ;er ;52d,; ah Upper ;surface of ;the ;second substrate jlayer ; 
J*^- :52b, and a side surface of the first spacef layei; 52c. ; ; 

. ;: : : ; : : . : :V V:^:T^^^ 

; ; ; ; ; ; the ; f i rst and ; second ; sbjid ; electrolyte ] layers ; 52^ ; ; 
: ; ■ ■ First and second diffuisibn rate-dete^ 
■ 58 are also interposed beitwee^ 

■ 45 : ; : : Id' e lectrolyte ; lay ers :52d j ; 52f .; ;,; ; ; ; ; ; 

; :V: ; . :W: ;V:: V AflrSt Chamj^^ 

;;:;;;;; pf ; oxygen ; in; a measurement gas; is ; form ed ; and ; cpm-; ; 
:: partedbyailovve^^^^ 

:::;:;::; layer 52fi skJe surfaces bf ihe first arid second: diff^ 
;5p;; ;; rate-determining sections 56;58;ari^ ah uppein su^ 
bf the fir^t solid electrbiv^^^^ 
; ; 62 for finely adjusting the partial pressure of oxygen in: 
; ; : the measurement ^g oxides, ;fbif' ;eiKam- 

;::::::: plei; nitrogen. px^^^^ measurement gas is : 

; 55 ; ; formed and cornparted by alower surf ace of the second ; 
= solid elecirblvle layer 52^ 
; ; ; diff usionl raterdetenri ihing sedib^ ;58, ;a side su rf ace of ; ; 
. V vlhe second spacei: layer 52e.; and an upper isurf ace <^^^^^^^^^ 



11 
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: the firs{;s6lid electrolyte layer 52d 

^ : : ■"t^^ with the first 

chamber: 60 through Ihe first: diffusion- rate: deterrri in tng ; 
-section 56;; and the first chamber 60 corrinnunicates w 

the secbrid ■chamber. 62 through '^^t^^^ second diffusion . 
Trate^determining section 58::; :: ■ : ;;;;; 

^ ::::.: diffuston-rate determining SBc^ 

ttohs 56, 58 give prede 

; : the; measurement gas to-be introduced into the first and ; 
secorid ch of the first., 

and: second diffusion --ra^ 58: : ■ 

canibeiforriried as a;passage; composed 'of . fbi': example, 
a porbus materiai.ior aVs^^ 

; mined ci'bss-sectioriai; area so ; that the measurement 

gas rr^y be iritroduced. v. 
: :: : ' : Especjally, : the : sed6nd : 

sect ion 58 is arranged and fli led with a porous rnat erial 
vcpnn prising^ :f or. exam 

: ; of: theVsecbnd: diffusion-rate deteirmin ing ;section 58 is ; 
made larger than the diffusibh resistance of the first dif- 
f usion-ratei deterrniningysect ion 56. ^ ^ ^ ^ ^ ^ :::::::. : 
;;;:;;; An atmosphe 

■ into the . seco^^^ . . 
diffusion resistarice ; th rough ; the; ;second diff usion : rate-; ; 
deteriiriinihg section 58. Therefore; the oxide sensor 50A 
has the. followlng directibnai characteristic:; Namely, the 
measurement gas existing j in: the ; external space is in- 
troduced into, the pxide^ 

: : first : diff usipn;: rate-determining : section ; 56 : tt> the first . . : 
.Ucharnber.; 60: ;rr*;;the;. second : diff usion; ; rate-lid^ 
■section 58:^^^^ 

: ; be; defined as; "dowristream; direction ■ ; for thie measure-: : : ; 

■ ment: gas. ■ ■ ■. V 

: : : : : : : : Aii: inner purTiping electrpde 64, which is composed 

■ ; of ;a pora^ a f lat: arid substan^ 

:. tia|Iy:rectangular:^ on an :eritire surface::: 

T;ipGrti6h;W:fbrrT»ihg the fi^^ 

: facie of the siecbhd solid ^electrolvle. lay e 

:: pumping: electrode ; 66: ; is : forrned bh ; a jDortion ; cbrre^ ; ; : 

: spqnding to.the iiiner jpumping electrpde 64; of the upper . : 

y.surfac^^^ 

; ; trq<^ (.ei; a; main ; pumping ;ce^il :68 ; : ; 

is .constructed; by ■ the : inner purriping . electrode .64^^^ 
::Outer pumping electrode 66 / 
i troiyte; layer 52f iriterpbsedlbe^ 

;:;:;;; i A jdesired ; control voltage ; (pumping voltage) Vp t : iS; ; ; 
::applied between the electrode.64 and the . . 

yputbrp^^^^ 

'\ by the; aid ;of an ; external viariabie; power Isoui^ce; 70 to ; ; 
: allow a pumpirigVcurr^ 

attve direction ibetween the^outei' pumping electrode ;66 : : 
: arid; the,; ininier pufnp 

: ;in : the ; : atmosphere : : in : ;the: ■ f irst : chairiber : ,60 -caii : ■ be: : : 
; pumped outto.the external: space a^^ ; ; 

,vc»cygeh ,in,^^^ 

.first;Chamber.66l" ■■•':"*■;:.':;.'::::, 

■ A rneasuring electrpde 72;: which is cpmpbsed bf a : 



: : porous cerrihet electrode having a flat arid substantially 
rectangular shape, is formed on a portion adjacent to 
: : : ; : the:seconcl djff uslop rate-deterrnihing section 58, of the; 

; ;; ; upper surface of the first solid electroiyte layer ;52d for 
• .5.: V. f orniin g the' f i rst charnber 6^ . . A reference .el ectrode 74 . 
; : ; ;is formed; bn ;a port ion exposed ; to: the ; reference; gas-: 
: ih^ space 54 j .of the. loweiT: surface of the first ^ 

-^^^^ 

; ;:;;:i:;cell, i.e:, a controlling oxygen partial pressure-detecting;; 
.fp . cell 7^ 

;V:V;:V- l^^^ ejectrode 74, and the first solid electrolyte : ; 

:::/- layer 52d. :■ :;:;.:: '■ 

■ ■: : ■ A 

; : measuiring electrode 72 and the: refeirerice electrode 74 ^ 
: of the controlling.ipxygen 
V::;::::76 on thp basiSipf a difference in; oxygen: concentration;; 
:;;;:;;;; between the atnibspheire in the first chanr»ber60. arid the ;; 
^::: : :V^ ip the reference gas-ih- : : 

; ; : : :troducing space 54; The partial pressure: of oxygen in: 
20 the atrhosphei-e in the first chamber 60 can be detected 
; : by measuring the generated electromotive force by the ; 
■aid of a voltmeter 78: ;: 

.V Namely, the ■voltage, VI , which is generated be- 
;:;:: ; tween the : reference electrode ; 74 and the; measuring 
■ 25 ;;; eiectrbde 72; is ah ^electromotiveAfbrce of the oxygen: 
: V cbhceht ration ceil, generated on the : basis -of a diff er- v 
; ; ; ence bietween a partial pressure of oxygen in the refer- : 
, ence gas ,tnU into the reference gasrinlroducing 

: : ; : :6pabe 54; arid 3 partial pressure, of oxygen :|n: the measr; 
;50;:::urerneht gas in Ihefirst 

vthe following relationship known as the Nemst-s. equa- : : 
::::;:':;tibn;-:"':: y'' ' ■["■ :;: :'• '-. ■- :/":: \ "\'^ ■;:■:;::;;;::.■/■ : 



35,. 



40 



^ V1 = RT/^4F.|n(F>1 (OgVPPPg)) : 

::..R; gas constant; 

.T absblute temperature; : . . ..' 
. .":F: ■ Faraday'.constaht; ; : ■ ■ : : 

PI (Ogjj: partial pres p)^gen ; in the: : first 

V,V 'chamber': 60; , , J.V 



45 ; :; Therefore, the. pjartial pressure of :.pxygen; :in : the: ; first; ; 

; V chamber ,60^^^^^ measuring the, voltage; y 

;:;;;;;;; vi ; ;generated on; the; basis of; the; Nernsl's; e^quation; ; by ; ; 
, : , , . , the aid of the, ypltmeter 78. , , . . 

";:;::■ ;^ th 6 partial pressure of oxygen i" 

5p;;; : is :used;;to cohtrbl the 'punriiping voltage :bf Ithe; variable ; ; 
: V power source 70 by the aid of a feedback cbritirbi system 
; ;80' ■ :Specif ically, the pumping : operation perfprrhed by ; 
::■;.:: tho main purnping cell 68 is control led so that th e partial ; 
: :V: : : : pressure;pf oxygeh jn^^^ chaoiber 60:has a prede-. ; : 

55 :: term ined;yalue is. sufficientiy low ;to: cpntrol the;- 

p^ of .oxygen in. the second chamber 62 in • 

■ the. next step; . 

: : : ■ : E .as showh ih Fl G. 3; the width w bf the: ; 
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; measuring electrode.72 along the downstream direction 
i rfs defined to be a predetermined length, in the oxide sen- 

: spr SOA a^^^ embodiment: Specifically, 

: the;width;wof:lhe;nneasuring electrode 72; is; defiried to 

' be a lerigth'cohsiderihg the object to sup 
: sitiori of the oxides as the measurernent objec^ in the : 
\ f i rst charnber 60, . and an. app i-opriate size. ,f bi;, pri ntirig . to 

lihake itpos 

;;bn:the use; of the screen printing technique. :Name|y, as 
; shpwn in FIG . 3, .the .vyidth w of the measuring . 
■ 72 is restricted: to' tse : in a range of; w :^ 5t; provided that; : 
; the height iofithe; first ichaririberiSO; is i-epresehled ; by t, : ; 
:: Further,: in order^ for the partial : ; 

pressure of oxygen rineasured by tbe cont rolling oxygen ; 
; .piaHiai p in the pxicfe ^sensor • 

:;'5pA according to the. .fire embpdiment. the: relatiye: ar- 

;rangement of; the measuring electrode; 72 is- defined as 
V foiiows in relation to the inner pumping electrode 
iVthe mainp,umpingcell;68:;;;;;;;;;;;;;;;;;;.^: 

. ■ N aS; shovyh in Fl G r 3^ the rheasiiring elec: . ■ 

; :trpde 72 is; arranged at a; ppsfi^ at vyhich;the prbject^^ 
;;distance d fronn;a downstre 

electrode 64 (the end located e seciprid . 

; diffusion ;rate<ieternninin 58); to a centiar of the: : : 

measui^ing electrode.72.satisfies at^^te 

of th^fi^st chamber ebjipi;^^^ 

Irodei 72 is arrahiged to siatisfy -31 ^ d^ 3t. ; ;;; ;;; ;;;;;; : ;;; 
^^^.^.v^^. . .the outer 

; pumpirig electrpcie 66. are composed, pf an inaetiye ma- 
.; :terial having a low catalytic activity on NOx;; for exanDpIe;: 
: ; N O in the measurem^ liced, jnihe f irst chiarn- : 

i ; ber 60; Specifically,^ the Inner: purTijptrig electrode :64 and ;^ 
:;the outer pumpihg electrt^^ 
Vporous: cermet electrbd^ 

; ; f oirned ; of ; a metal; such ; ais ; Pt and a Jcerarriic ; such as ; 
^; ZrGg^: Especially; it ; |s^ 

ilelectrode 64 and ;the; measuring; electrode : 72 arranged : 
'• in the first charnber 60 contacting with the mea 
: ; gas, to use a material Having a weak reducin ; ; 

:no reducirig. ability with respect tp the NO ccmppn 

in the measureirierit.gas: It is^ p 
; ; pumpirig ;eiect^^^ ;72 ; j 

are conipo«ed^6^ 
: perovskite ;StrLid^^^ 

; ; prising a cei-artiic and a; rnetal having a Ipw: catalytic ac^ ! i ; 
; : liyity .such as Au.ipr a .cer^ 

; imetai Of the ;R group, and a; metal having a low catalyt ic ; 
laciiyity^sijch a^^^ 

;: Au and:a nriet^ is;used: as:an:electrcKJe: : : 

; nriaterial;; it is preferable; to;add; Au in an airiourit; of ;0 03 ;; 
: :tQ :i35. v6l%:bf :the :e^^ 

: As show sensor 60A according; 

; to ttie .first em!^ a detecting ^ ^jebt^pde; v 

; ;82 cpmppsedo^^ having a flat 

; ; and substantially rectangular shape. The detecting elec- : ; 

..trode.S^^^^ 

jond diffusion rate-determinirig section 58, of ;the; tipper 
/surface of. the first sol kJ. electrolyte .layeir: 52d f pr fphri in g 



the second charinber 62. An ^electrochemicaljpumjDing 
cell, i.e., a measuring pumping cell 84 is cphstructed by ; 
the . detecting electrode; 82. ihe ; ref e rence : electrode : 74, ; : 
and the :first;soiid ejectrotyte. layer :52d. ; ; 
5 The detecting^ electrode 82 can fe^ 

appropriately; selecting an ox ide^ecoriipbsihg catalyst 
for example, ah Rh cerririet; a rhaterial. havihg.a low cat^ ; 
valytic activity.vbr a corhbinatibh of an^ 
; Ing catalyst arranged in the : vicinity of a material having 
10 a low catalytic. activity/ In the first embodirpent^^^ 
: tecting: electrode 82 : is composed: of a porous; cerrnet 
comprising Rh as a hietal capable ! of I i'edu 
■the measurement gas cbmpohiehti. a^^ 
: ramie: Thus; the : detecting ;electrbde ; 82 f unctioris ;as a 
; » 5 ; Nbx- reduc irig'.cata ■ NGi/ex^ In the 

atmospheire in the :secprid 

oxygeh: ;ih: the ; atnidsphere; in the second; chamber 62 
can be: pumped out ^^^^^^^^ the reference.: gas-introducing :: 
space 54 by applying a constant voltage Vp2 between 
20^ the detectih0: Electrode 82 arid the reference, eieptrode- 
: . ; :74; by ;the :aid of; a ;tDC: power source :86: ; A piimpihg; curr: ■ ; 
;;;;;; rent 1 p2;; which; is allowed to flow in a^ ; 
y V ■ p the .me^ 

. .;ing;cell 84; ;is; detected by an arririneter 88.;;;;;;;;;;;:: ;;;;:: ;;: 
25 The gas sensor SOA accorelihg to the first em 
: ; : ment includ a heater 90 for generating heat in accord-; 
ance with ; electric power supply from the outside. \ Jfie ] 
heater QO .js ernbedded jn a.fprm pf b^ 
terposed tpetvyeeh the first and second ; substrate layers 
; 50; ;;; 52a, 52bi;The heater.90; is provided in order to i^ 

the conductivity of oxygen: ic^ |ayer 92:Comr . : 

; : posed ; of alumina or the like; is; fbrm^^ 

aind; lower surtacesV^ healei: gO/sathat the ;^ 
; ; : : : 90 1^; el^ctrib^lly Ihs ujated if rpm the ;f irst :arid second sub-: ; ; 
:;55y.;:strate'|ayers^^ 

; ; extend over an entire regionranging from the first chamr;; 
ber60 tp the second chamber 62. thus the first and^ec-^^ 
ond charnbers (BO. 62 are heated to predeterrriined tern- ; 
: ^^'^r - peTatufesim ;the:.rha|n ; pumping cell 

;■. . - : 68,:the cpnUpi pairtial pi'e'Ss ur^r^ g eel i , 
; ; ; ; Je/and ; th& measu ring; purrip j eel | ; 84 are ; also h eated ; 
to and :fTiaihteihed 
spectively:V::V;V:':y; 

: : 45 ; The oxide sensor 50 A according to the fif:st erribpd^; ; 

V imeht isbasicalty^ abpye.;Next,: ■ 
; Jts function and;effect;Will be explained. ;;; ; 

^ ^ ^ Befofp Uie meas oxide sen- 

: ; ; : : :': ; :Spr ; 50 A; a^ SOl; In: 3:; 

; ;5p: : : j State Ih; which; the: miBasuremeht :gas carTi be iritrdduced ; . 
into the fir^ 

:::;:;: plied to the heater 90 so that the first and; second; sol idV 
;;;;;; ;; eleibtrplyte layers; 52d,- 52f fpr the first charnber 60 of the 
oxide sensor 50 A heated to,Vfpr exanriple, :400:?C:to i; 
55 ; ; 966 "Gi and th&^f^^ electrolyte layers; 

V 52d, 5^f :tor. the second charnber 6^ eated to, for . 
; ; example^ ;7p6: to ;^00: °C .; After th e oxide : serisor 50A ; ; 

■ ; : ^ is heated in such, a temperatu re state, the f ii'st and sec^ - 
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: ond: soiid electrolyte layers 52d, ; 52f are : activated ■ in a 

desired state, " 

: : : : Next;: thO: measuremeht of oxides such as NQx; con- : 
: iained in the measurement gas iis started by introducing 

the rneasurement gas into the oxide sensor 50 A having 
; been set as described above: Th& measurerhent gas is ; 
; Ihtrpduced . into the first .chamber 
: Vrri ihed v.diff.usio the f I rst ' diff us ion v 

: : raterdetermining section: 56:; The partial prerssure:of ox-: : 

■ ygeri contained in the measurernenlgas is cpntrolled to 
have a predetermined yalue in: accordance with- a pre- 
;determihedpumpihigivoltage;Vp1 applied; betwee^^ 

■ outer pumping electrode 66 and the ihher p^^ 

;lrode 64 by : the; aid : of : the : variable ^ power ; source ; 7.0; ; ; 

■ Namely, the.partial pressure pr oxygen in the first cham- 

: : ber ::6G : cah'be :iTiei4suir|^d: pii^:^^^ ; a :ypitege : V 1, : 

iibetween the: reference ele^ 
electrode 72. detected by the voltmeter 7^ 
V4 is an electromotive force of the oxygen; concentration ■ 
ceil defirled by the Nemst's equation described .abpy 6; 
Th ^ pUnn^ing voltage Vpl ;applied by the variabie power 
isource/oist^ 

system 80 80 mV tp: 350^ 

: ;Th US the partial pressure of oxygen; in the first chamber ; : 
60 is controlled to have a predetermined value:^^^^^^^^^^.:! 

:The measurement gas,^>^ 
to have the predetermined partial pressure of oxygen in; 
.the'.first..cha 

: : chamber;62 through second diff usipn:raterdetermin- : 
iing ; section =58 - designed ito.have; a; diff usionlr^^ 
'; larger: than: Ihatyo^ 
= section 56, 

■ imakes it possible to s uiff ic ient ly ; punrip out th e o)cy geh in: : : 
i i the -second ichambeir : 62; i isi applied be^^ 

ence electrode 74 and the detecting electrode 8 
\ second charTiber62. 0wingto the pumpirig:yoitage :yp2i : : ; 

NOk cohtairied :iri the iTneasui-erheht . gasi 
: and N02i: is decorripo^ed by :th ©iectrixie ;e2 ; ; 

; which se ryes as ail oxide-debpfTi posing 
: prisinig . the\ R^^^ 

Vppsed ; by aVcalalyst existin g separately ;f rprri the detect- : ; 

:ing elecirc^^ 

rbutytq^ 

through the first soljd: electrolyte layer ;52d>; !n; this prpc-: .; ; 
i.ess,: axuri'e 

: ment iof ;pxygen^^;to^ by the ammeter 88: : 

rXhe-cpncen^ 

Vple- : Nbx: sue as NO and ;ISI02: contained : in 
i ureiTheht;gas;is;deterrnined fror^^ 

V : v.v 

purripihgVeiectrbde 64;and 

? f pr the first charnber. 60 is. set to; satisfy the . predeter- ^ 
: -nKined r^ng^: :(-^ ^1 3t) as : shown in FIGi :3/: in the ;: 
: ; oxide sensor 50 A ac^^^^ 

-: cord^ supplied .to .the 

: jsecond ; channtjer ;62;; .V)rfi 

j suirep.f oxygen with a high, degree of accuracy- \Th us. the.;. 



oxides can be hneasured highly accurately by the aid of 
the iTieasurihg pumping c^^^^^^^^^^ 

: : ': : ff jG : 3 : schematicajiy s^ :the : relatiohsh ip : ber. ■ 
tween the; arrangement ;of the measuring electrode 72 
s with, respect to the inher pumping electrode 64 and the 
partial ^pressure of oxygeni of the measurerhent gas^ iri-r; 
trpduced into the second .chamber .62. : 

It . is .ass umed,v f 6r e^^ part iai . pi:ess u re of " 

: : ; oxygen; is measured by using a; measuring : el ectrode 
10 72a (d = 0) arranged to aljpw its center to coincide with 
the downstream end : of the inner pumping electrode 64 : 
(the erid Ibcated onthe side of the second chamber 62)i; 
and the jaurriping voltage Vp I; a japlied between the inner 
pumping electrode 64 ahd the outer pumping eiectrode;; 
;5 66 . is . cpntrplied^^^^^ - pf the measured partial 

: : : :pressure of; o)^ ;When :the :measuremeht: gas intfpr: : 
; : ; ; ; duced; into theifi rst chamber 6iD; has a ihigh partial pres^: : 
sure of oxygen before introductiohrthe partial p 
: of oxygen is promptly lowered owing; to the operation of ; 
.the inner pumpi.ng electrode 64 as indicated by^ a char- ^ 
: : : acteristic ciir^^^ , and then ;the measurement gas hav-; ; 
: : ing a desired target partial ; pressure of oxygen ; is sup-; 
Vv _p 

; sure of oxygen of the measurement gas before introduce- ; ; 
2S tion is lowered iihder the same condition as described . 
above (d ii^^O the inner purripiiig eiec- 

: ; ; ; trode; 64 is weak, and the partial pressure of; oxygen is ; ; 

lbwe/;ed gradually and slowly . as indicated. by a. charac- 
: terjstic curye:a2; After that, the. measurernent gas havr:- 
;3p ; ing lhe^desired partiatpressure of oxygen is s^ 

the second ■ chamber : 62: in : the same 'manner as : de- : : 
,■ ■■:;-::scribed:abbve. ■ 

: : Ne)ct, it is :assumed^^^ partiaf press ure pf ; oxt: v 

: y^ein is measuriad by uising a itteasurihg electrbde 72b : ; 
\3s\ \ ;arranged ; 
^^^^;^^'v m 

;;-:;;; electrode; 64 ;.toward the ;first;diffusion:rateTdetermining ;: 
; V -V section 56i arid the punrijpirig .vbltage^^ Vp1 applied be7: 

;^ ^ tweeri the; ;inner ■ pumping ; electrode; 64 : and ; th e ; pute^r ; 

40 : pumping eiectrpde 66 is coirit rolled on the basis of the 

V, : v/me^^^ 
;;:;:;;;;; urementga^ 

:r high partlatpressure^^ 
: :: partial pressu^ 
l^::': ; the ;ppeiatipifi i^^^^ 64 as: indi;!;! ; ; 

; ; ; ; uring; point for the ; partial pressure of oxygen is ; located j 
at a position corresponding to an Intermediate, portion 
::::::: \xA the: jpner pumpl^ g electrpcie 64,: Th eref ore, the cpnt rpf : : 
\\50\\\\ is ;perforrned ;s6 ;that the ■ partial pr*essure; of oxygeii lat ; i 
. vthe posrtiori at which .the rriea^^^ 
; : ranged, i.e;i the:partia! pressure of oxygen at a point A3 
; '■■] Coincides! wjth; the' t^ oxygen. ^ h : : 

: : ::: thisVcaS^ 

ss ; ered by a residual portion of the inner pumping electrode ; 
64 located idownstre portion 'at which ' the/ ^ 

measuring : electrode ; :72b: is; arranged; ; ;Theref ore, the ; ; 

■ ■ m is supplied to the second chamber 62 v 
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:in a state in which the;partial pressure of oxygen is; lower: ; 
'■ ;than the target partial prei^sure of oxygen. ; ; ; ; ; 

EyerY: wheini: :the ; partial: : prcssure r of: oxygen : of: the : 

irneasurernentVgasVbefore introduction is ; lowered: under ; 

the same conditiori: as described above (dv^ :0 mm), 

the control ; is; performed so ; that the ; partial pressure ; of ; ; 

pxygiBn coincides, with the target partial, pressiure of px:^v^^ 
Ay^eh at the point A3: therefore, the me 

i Is supplied tp the second chamber 62 in a state in which : 

the partial pressure of oxyg^ 

thedesired partial pressure of oxygen, although the par^ 
; tial pressure of oxygen; is not lowered so; much as com- ; 

pared : with the case represented by the characteristic ; ; 

curve a3 described above. ; 

On the other hand, it is assumed that the partial , 
; ; presisure;Gf ;Gxygeri; is measured ;by: using a measuring ; ; 

electrode 72c airrahged by deviating the center by more ; 

than 0 6 mm (t:fi;.p|2 mm) from the dowfistream end of^^^^^^ 
; the inner pumpirig; electrode 64 toward; the second dif ^ ; ; 

fusion rate-determining -section 58^ and the :p 

voltage : Vpl; applied between : the Inner pumping elec-^ ; 
; trode; 64 and the outer pumping electrode 66 is controls 

led on the basis t^^^^^^^ 

ygen. Under this co ; a; phenornenon ; occurs;; in; : 

^ which oscillation, or ; shortage of gain ■ iS; caused due to 

response delay in the feedback loop :C 
; ner pumping electrode 64 and the measuring electrode; ; ; 

72b; auid t^^^ uently: the partial pressu re of oxygen of . . 

the rneasUremerit gas supplied tp the ■ second chanriber ■ 

62 is; deyiated from the target value. ; 

FIG;: 4^ shows results obtained by measuring; the : 
; electroniptive force of the oxygen concentration ;cell for ; ; 

the secbrid dh^rriber 62; the position: P^the : y 

measuring ^liBCtrode 72 in a range of d = 5t to ^5t, Vad^ : 
; ; justing the; voltage vt ; at 300 mv as^ t^^ 

f orce :Of ; :lHe^ ;o concentration ; cell : including^ : :the 
;;measuring;etectrode 72 for ;the first chamber; 60^^^^ 

chahgirig the concentration of O2 contained in the rneas- : ; 

urernent.'gas, .;.:';:..';. 
i: According tati^^ 

in the meadiurernenl ga:s is h^ cpncenr 
; ; tratipri in the second chamber 62 is increased: (the elec- 
tromotive .force d 

second chamber ed is decreased), as :th^^ 
: ; rarigement of ; the measuring ; electrode ; 72; becorrie^ to 
: be;: separated: if rom the d 

; pumping electrode 64; in the dir ectipn toward the second 
charnber 62J Oh the other hand, when the concentration 
: : of in the; nrieasuremem^ gas is :highi ; the oxygen con- 
centration in; the secorid chamber 62 is decreased (the 
i eiectrpmotive force of the oxygen concentrati 
; ; the siBcphd ch is incriBased), as the positiph pf 

: arrarigem^ measu ring electrode 72 is moyeid 

; invi^rd :f rbrn . the ;d^ eiid of :the • inner pumping 

electrode; 64 toward the ;first ; diiff usipn rate-deterrnining 
VsectbnseATh^ 

; displaced; by more ;than; the predetermined amount; for 
'■ example,: if the m 72 is displaced b/: 



■ more than d = -3t from the downstream end of ;the; inner;: 
; ; pump ing electrode 64 tpwkrd the first diffusion rate-de- 
terrnining section :56;;the: partial: pressure of: oxygen .in; 
; ; • ; the first; chamber 60 is excessively iowered. As a result, 
s the decomposition react ions of the oxides as the meas- 
; ; urement objective are brought about on the ihnenpump-; ; 
^.'.ing .electrode '64:-. ■■. 

;;;;;:; ; gain of the feedback control system 80 for the first cham-; 
ip: '■■ ber 60 by using a measurernent gas containing O^ at ^ 
: ;■; high concentration, and the c^cillation-generati giain 
; of the feedback control systerri 80 for; the; first chamber; ; 
i :;:: 60 by using a nn 

: concentratiori. In the case of the measuremeril gas con- ; 
*5 i taining 02 at a high cpncentration, the shorty 

;;;;;; the response delay takes place ; On the other hand; in 
: the case of the rneasu rement gas containing O2 at a low : 
V ' concentration, the oscillation occurs in; a; region; above; 
20: : : ai characteristic curve :b2, and it is impossible to stably 
; ; ; set the partial pressure of ; oxygen . Therfsifore. consider^ 
; ; ; ; ing the foregoing facts;; the-f eedback control can be per-: 

forrried while mainteinihg a constant; gain: Without^^ d 
;; ; ; pending on the oxygen concentration ;of ;the; measure-r ; : 
25 ^nient gas, by setting the gain within a range indicated : 
by hatched lines in: FIG. 5;; It is derived that the posi^^ 
:: of the measuiring electrode 72.; which enables the con-; 
; trol described above, m 

: with respbct to the end bt punripihg eledtrode; 

According to the results described abovei the dis- 
;;;;;; tance d of the measu ring electrode 72 is allowed to sat^; ; 

: :: : iSfy ^3t ^ d ^ 3t^^^^ 

; ; ; ; ; the inner purinping electrode 64, i^e.. the end located oh ; ; 
35 the side of the second diffusion rate-determin ing section 
; ; 58: Thus the objective components in the measu 

gas can be supplied to; the; second; chamber; 62 without 
causing any decomposition, vvhile allowing : the 
; ; ;:::;urement gas to have an optimum partial ; pressure of oxr;; 

:|:fO ''ygen: ■ '■'.': ;-l .'^'VV' '^^.l.'. 

Next, art oxide; sensor 508 according .tp a secpnd 
;;;;;; ; ierribodiment :Will be explained; with ; reference to FIG; 6. 

^V; : ;: 

; ;;' ::sponding:to those sh 

45 ; the ;.sarne reference hiiriierals; duplicate; explanatkjri; of ; ; 
which will be omitted. : 
;;;;;; As shown in FIGi 6^ the oxide sensor SQB according ; 

structu re as that of ; th e oxide sensor 50A accprdirig; to, 
\ so the first enibodiment (see FIG ;2):;Howeveri the; former ; ; 

; is different from the latteir jh. t^ 
: ; ; i ; partial fsressur^e-detectirig cell ;1 60 is; provided ; in place; ; 

of the measuring pumpihg celi84r 
:;■■:: I;:;: : : The measuring pxygcih ; partial :pir^^ re-detecting ; 
;; ^ ; ; ; ;cell 1 60 comprises a detecting 

:: a portion for forming the secoriid^c 
; ; ; ; per surface of ;the; first ; solid; eject rolyte; layer; 52d; ; ;the ; ; 
^ : : :: : elect Vode 74 fornned phi the' lower isuriace: of 
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;;the: first; solid :electr6lyte layer 52d/and the :flrst ; solid 

ielect rplirte Mayer' 52d; ■ ■ 
V : I n this embodiment, an eject rpmotiye force, (electro- : 

motive force of an; oxygen concentration cell) S/2 is gen-; 

erated between the detecting electrode 1 02 and the ref- 
i ererice ; eject rode 74 of the ; measuring ; oxygen;; partial ; 

preissure-deitecting cell 1 00; corresponding to a diffeir- ^ 

V ence in oxygen cphcentratioh; between; an a^ 
j : around thejdetecttng electrode 1 02 and: an; atmosphere 

■around the reference electrode 74:!^ 
;;: ::: rWTh'erefore^'the partial piressiirjg of oxygeri; in' the at- 
; mosphere airdund the^ detectirig electrode 1 02^; in ;6ther; ; 

V woidis; the pailiai 

: produced ; by: reduction or decom : : 

J uremerit gas i;pmpphe^^ 

: : of : the- voltage: V2 by: irieaburihg the ejectrprriptiyeifprce ; ; 
; ; ;(voltage) :V2 generated between the detectihg electrode^^;^ 
•y. 1 02:and1he'Tef erence:"ele^i6trc^ 

; ; The degree of change in electromotive force V2 rep-: ■■ 
resents the NO cbnceritration; Namelyi the electromo^^ 

: tiya force y2, which is putputled f rdnri the measuring ox- 
ygen partial pressureHde^cting cell 1 00 constructed by 
the detect ing^ejectrode.l 02; the. reference 74, ; 

; and; the :f irst : solid jelecU • layer :52d;; represertts the: : : 

. NQ conciBntratioh iri .this measurerneht gas;^^^^^;^^^^^^^^^^ 
V : I n the' oxide sensor 50B according ta the ' second 

iieinbddiririeht, :the width w of the irieasuhngieiectrckJe 72 ^ 

V alphgj ■-the . dowrisU of: the;. cphtroll jng oxy- 
gent partial pfessUreTdetectlii ce II: 76: is :ajso restricted : 

.;:to be in a range; of ;w;^ 5t provided that:the ;height Gf;the'y^ 
: first chanriber 60 is represented by t'* in t^^ 
: : as the oxide ; sensor; 50A ;accdi'ding ;to the first : iembddi- ; 
.vnnent.vFurt^ 

; at thia: position: at which the projective distance: ;d f rorn 
: the downstream end of the inner pumping; electrode 64 
; : (the end located onihe side of the* second diffusion rate- 
; determining; section; 58) to the center of the; measuring : ; 
■electrode: 72. siatisfies.:at^ 

; meas u ring electrbde 72: is arranged to satisfy ;-3t is d is 3t;: ; ; : 
; Therefore, in the pxide sensor SQB accbrdihg to the = : 
second .e mbpdimerit, : the obj ective cprfipprients ; in'; the 
; : measurenrient gas can; be supplied :tp theisecond charriH 
:lber62M 

Jng :the measurement g^ 

. pressure: of o^gen. Thus the oxides can be nrieasured 
vwiihyahig^ 

; juring oxygen; partial; pressureHdetecting ;ceir ;1 00, ;::;;;;;;::: 
^ I- V V Next- a^ 

: bpdiment; ;will be explain ed vyith reference ; tO; FlG; 7. 
; ;G6rnp6nehts; or ; parts; of ; the; oxide; sensor ; 50C; ;c6rre^; 
iVspohdihg to those shown ih^^^F 

; the same reference, numerals, duplicate explanation; of 
which vyill be omitted, 

; : : : : As shGwn;in:FIG ■ : 7, the oxide sensprSOG according: 
■to the ;ihird : ernbodi^ has ; approximately the sanne 
ystructure. a^ according . to 

:;the:fiirst: embed 

: .from the .latter in that a porous .AI2O3 layer; or a porous 



. : : : 2r02 layer for constructing a third diffusion rate-deter- 
; ^ ^ ' mining section 1 1 0 is formed to coyer the detecting elec- 
: trpde 82, and an auxiliary; purtiping cell 112 is provided- 
The auxiliary pumping;cell:i 12 comprises an auxil- 
5 iary pumping electrode .11 4 . composed of. a. porous cer- 
: ; ■ met electrode having a flat and substantially rectangular 
/ shape and formed oh an entire surface portion for form- : 
: ■ i 

: : second splid; electrolyte; layer 52f, the reference elec-; 

.trod sex;-, 
^- : : : : :: o^ laysr 526, apid the first solid: electroly^^^^ 'sy©'; : 

V v^^ 

;::;: :: . by usihg 3 material having a :weak reducing ability or no : 

.iff. : 

: : :': :: : :the me^ In the samo manner: as the irineir:' 

; I ; ; ; pumping elect rode^^^^ 

; : this erribodimenti it is preferable that the auxiliary pump- : 
: ing electrode :i 1 4 is conriposed of , ;for; example, a com^: : 
20 \y pound having the v peirbv.skite sti'ucture : .such / as = 
;: :La3Gu04- ^ bei-m^t comprisin^^^^ and a metal ; 

; ; ; ; having a low; catalytic activity such as Au, or a ; cermet 
^ V c 

; ; ; rnetal haying a low catalytic activity: such; as Au:;f=^urther, ; 
25 when ah alloy cbmjarisihgAu and a nnetal of the Pt group. 
- ; ' js used as ah electrode rhiateriail it ts preferable to add V 
; ; : Au in an amount of 0.03 to 35 vol% of the entire metal 
. . ■ ■- . cprnpbnents., .';V, . 

::: :: : : : AdeSired^^^^^ 

\3p\\\\ the .auxiliary pumping .electro^ 
' ele^^ by the aid : 

: : : : of iari external power sou rce 1 1 6; ; Th us th e oxygen ; in; the : ^ 
: ; atrhbsjohere ih^ 

: : : out to the; Yef ereiice igas-rintroducing space 54. : : ; 
35 \ : : : : : ; M ;;;Acc6rdingly;; the partial pressure of oxygen ■ in they 
atmosphere ih: the isecond chamber 62 is in a: situation:: 
; ; ; ; ; in which the; measurement gas ;componerits (NOx) are ; 

; not substantially, reduced or decomposed, while, g 
; : ; ; : ; ; ;a loW: value jof : the partiai pressure, jof -oxygen ; at • which: : 
40: ; : ; th e mea^ of thevahr)^^ th e object rye; ippm - 

. .; ■. p 

;;;;;;;; ; ;ment,- ;the ; change in ; amount ;pf:;pxyg en : 
:■ ■ the^s^ 

^^:V::::;:W 

;:.45:::;py/ing^ 

::;■;::: :the;first:CharTibei':6^ 

:::;;;;:; oxygen; in; :the ; second; chamber 62 : is ;cpnl rolled accu- 
" A rately and. cohstahtly; • 

: :;:The oxide sens^^ tothe third erribod-: ; 

; ;5P; ; ; ; iment includes the cbiistanit voltage ; (DC); power ;Source ■ 
;:::;;■ 86 ; NOx flows into 

V: ; : being iirhited by the ;third diff usion ; rat e^etermin ing sec-: : 
: : : ^'P^ P^^ Uhder this conditjph; the'(^ (DC) i 

; ; : ; ; piower :Spurce 86 is.capabie of ^jppiylh^^ a ypltiage; haying 
;5S ;; ;a rnagnitude to giye;^ to be 

y '} performed " f or.'oxygisri produced during decomposition 
:!;:::; :; in the:measuring:purnptng cell;84;;:;:;;; :;. 

The.refbre,.|n the oxide MnTOr50C.accbrdihg to the 
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; third embiodimeril constructed as iatrnosphere; introduced into the second channber62;.i. - 

: measureirient gas; which been controlled for its par- e.. the bxy^en coiiceiitratiori in the second channbel' 62 
::tial pressure of; oxygen: in the second chamber 62, is in- . : and the oxygen isoncentratipn produced by reduction or ■ 
; ; :troduced into the detecting ^electrode 82 under a prede- : deconnposition :of NO^ the detectirtg ejec- : 

■ '■ tehriine^d idiff usiori ■ reslstiairice. through the .third d^ • I trode. 82^. . ■ .. y 
^rate^deternninirig section tib- ;::;^ ; ! ; ; ; ::;;Jri t^ 

^ ■ ■ ■ : V It is intended :ta partial pressu re ... atmbspher"e^ inllie second chamber 62 is c^ 

: bf bky^eh .i^^^^^^ by meiians of the auxiliary pumping cell tt 2:^ 

have; alow value of the partial pressure! of oxygen which : Accordingly; : the ; pumping ^ current: Ip2 : flowing through; ; 

does.npt subs fP . the rneasuring 

■ by operating tile main purri in other words, ■ : ■ ■ ■ V : ■ NOx: - concentfatiori: ; ; The NOx concentratiipri ; : (i^^^ : ; 
when the pumping voltage Vpl : of the.: variable ;power ;;:: :^^ amount of diffusion of NOx limited by; the;: 

Vsou rce; 70: is adjusted by the a id :bf the f e edback cohtroi . , " ; .v. . . . th i rd diffusion : section 1 1 QV Theiref ore,"; / ^ 

system 80 isb that the voltage; VT d^^^^ ;by the con- : even whieri the oxygen concentration in the measure-;; 

trolling pxygen jaarti^^^ ;5 changes;iit is possible^ to accurately . 

stant,:if :the p in tha rneasurement :: - measure the NOx: cpricentratipn, based on the use of:: 

; gas : greatly ichanges,^ for exanriplei ; in a; range; of iO to 20 ; : ; ; ; ; the riieasurihg punripihg cell 84 by the aid of th^ : 

%/ then the respective partial pressures of oxygen ic 88. 

atmosphere in the second channber 62 and inlhe atmbs- ' ;;; 

l^hbr-e ihlhb vidihity b^^^^ ^oipf- oxygen in the atrriosphere in the second charhber 62' 

: chari^e; iri ordinary; c^s^^; itliis phenomenon: is caused : : :: : controlled by the auxiliary pumping ceil 11 2 is 0.02 ppnri, 
: probably M because ; of ;thei : following reason: Namely, :; and the concentration: of : NO as the NOx component in : 
: . when thei oxygen concehtratlori in the nneasurenrierit gas^^ v. . ; : -the rrieasurenieht gas is^^i ^ The pumpinjg cu tr^ 

; increases, theVdrstributfOT ^ : ; ; : ; : : Ip2: flows; in; aniamount corresponding to a sum; (= 50.02 ; ; 

.occurs-.in the. widthwise. direetibh and the thickness di- .^5 ; ppm) of an oxygen concentration of .50 ppnh produce 
; rection in the first charnber 60 bver the 

; tirbde ;72i; ;Thei distiribution; of; the ; oxygen I cohcehtralioh ;::■:; concentration of 6:02 ppm in the atmosphere in the sec- ; 
changes depending on .the pnd chamt>er 62: Therefore/ almpst . ail of the. pumping 

measurenliBrtt ;^£is ■■■■ ; :curreht:ya!ue : I p2 obtained :by bperatirig :the : measuring; : 

;; .1; :.U.:.:H6wevei;- in. the. caise of ;th^ 

ing:to.the:thiitj^':^^^^ NO;: Accbrdirigly, '; 

; 112 is Iprbvided for ;the: second^ chahnber 62; so; that the ;: : ;;;;;;; ; the obtained; result does not depend bh the;bxygeri to ; ; 
: partial pressijre bf oxygeni ih its ihterriala . . centration in the measurem 

; ;ways hai^ k cbhstaht low yklue bf thei p^rtikl ;pii:^ssu re of : : ; ; ; ; Next, an oxide iserisor SOD according to a fourth ertin ; ; 
; oxygen:; Accordingly,- even ;wKen; the pa^ wijl bb: explained with reference to : FIG;.; 8:; ;; 

■ oxygen : in- the atmosphere : introduced from the first : ■ : : : : ; Components: or : parts : of the: oxide : sensor 60D corre- : ; 
; chamber ; 60; to ; the ; second; chamber ; 62; changes ;dOT; ;:;;■;;;;; sponding to those shown; in FIGs. 6 and 7 are des ignat- : 
^pending on the oxygen.^.cohcentrMion i^ 

ifieht gas; the paiiiar pressure of oxygeri in; the atmos- ; ; ; ; ;; ; : ; lion of which iwill be iomitted;; ; ; ; 

phe re in the second cham^ cari. be ; always made 40 ; As shown in, FIG, 8, the oxide sensor 50D accpirding ; 

V;tp haye'ai.^c^ 

; ; e ratipri; perf ormecf; by :the jauxiliary pumping ;ceii ;1 1 2;; As ; ; ; ; ; ; ; ; ; jstructu re ;as :that ; of ; th e oxide ; sensor 50B according to ; ; 

a resu It, the partial pressure of oxygen bah be cbhtroNed-^^ ■ ■ ■ t^ 6)- - However, .the;. 

; to havief a:lowvalue:atv^ porbusAl^OaV: 

isi riot :^.ubstantially affected; . . . ^^^ ; ; . : 45 ; ; ; layer or a porpus;Zr02 layer for Icbnstructing a thirdiclif^;;; 

; ;■ ;:: NOx the 
;;detecting :;electrpde;;82i::: 
: around, th^ 
;-d:readtic^^^ 

;;lri this process ;; a pre^deterfriiriediybltage ;Vp2.; fbr; exaiTn-r ; ■ 5p;; ; ; the bxide s^^ according to the; third embbdiiinerit ; ; 

V:ple,'-436'hiV:'f?00 *C)':is-:app^ 

electirodiB :e2 and the reference electrode 74 for con- : ; In this embodiment, the partial pressure of oxygen; ; 

. structing the measuring ^purrijp^^^^ in the atmosphere in the second chamber 62 is in a sit- ;- 

to pump; puttheipxyge^^ from the s^^ 62 to .:::;: . uation :; in ; which : ;th e : ; measu remeni : gas : : pompon ents 

; ; the reference ;gasrintroducing; space 54/; ;;;;;;;;;;;;;::; ■ ••ss:.-- (NOx); ; are ; not; ; suiastan tially.- reduced or ; decomposed; ; = 
:i^;-......T ■ whiie^givingaJowyalue^^b^^^^ 

; the measuring pumping cell 84 has a value which is pro^^ ; at wrfiich the; measurement of the amount o^^ 

: pbrtibrial tb; a- surin; of this oxygen cbiiceritratibh in the . components- is not substantially affected, in the sarrie:: 
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manner as the oxide ;sehs6r;50G:accbrding to the third :; 
embodi menti s The ^change: in arnount ;pf oxygen .ihtrp- ■■ 
duced; into the: second channber 62 is .greatly re^^^ 
: as compared with the change which dec u rs in the meas- 

■ urement' gas;- owing. to the operation of, the rna 
: : in g cell 68 in the f i rst chamber 60. ; rrheirelofe/:th e ;par1ial ; ; 
: pressura^pf ^oxygen; in .^the^ s.ecprid. chamber 62 is con- v 
■trolJed accurately and constantl^'-'/^- v 
i; ; i: ; ii i Therfefore;; ©von when the oxygen: concentration; in 
the measurernent gaisr. greatly Chan is possible to . 

: accurately, measure concentration, based: on :': 

; the use ^ of; the ; measuring oxygen ; partial pressure-ndei-: ! 
tiectihg cell :i 00: by the aid of the voltmeter 1 04. V-;^^^:^^^^^^^^^^^ 
: . Now. the pirincipie of detection performed by the ox-; ; 
,ide berlsbr MP: ^^ 

. be^ explained vyith. reference to FIG: :9 illustrating a char- 
; ;acteristic ;of :the ioxide: sensor.SO D.: : i iH : i 

At first, 

; space: is 0 ppm;: the ;pumping voltage ; Vp1;;of the; main ;; 
: purhpih^.delle^^^^^ 

: ;c>f pxygeri: in the first;chamber 60 is maintained to ba t. 3 V: 
; X 1 b-7;atm;i i e^i tp give a value of the electromotive force : 
^.VlJ;about 300 mV^^"^ ^ 

; • ; Next^ the set; voltage ;Vp3 applied: to ;the; auxiliary; ; ; 

pumping cell 112 is set to be 460 nrtV: The partial pre^s^^^^^^^ 
vsure of oxygen : in 'the second cham 

to be 6:1 X 1 6"^:?; atrn: owirig to; the operation performed i ^ 
; by ;the :aLixili^ 

; tirpmptivp fGrce^:V between the detecting electrode 1 02 : 
iiandithe reference eleictroda 7 

partial pressure^ete^ is about 460 : mV I n : 

this case; :the thflarhririable gas;cbmp6hehts:are;oxidized ; : 
the:firsi.cham 

■ affected thereby -.beidause the partial pressiii-e of oxygen: : : 
: in the; first charnl^^^ 60 is; 1 v3 x : 1 0:^;atrn; regardless of 
the fact thatihe partial pressure of oxygen ; in the second : 

:;chami3er62'is 6:i;x aim." ' Vv;^.=y i■';."■■ 
. V II the. NQ cohceritration in the eirtemal space grad- : : 
;: ually: inci'eases/the reduction or decqrnposition reaction ; ; 
; of ; NO : Is caused ; 1 02;: be- 

: cause! th^:di^t^^ 

; islOxrreducing catalyst den ; ; 

tecilrig electrod 
describeJd ab<^ 

; Goricentration irij the atrnosp.here -.arpund the; detectiqg u 
■el ectrtxJe ^ 1 02 is Jhcreased:: Accord 
; :t ive fbrceVV2 generm^ ;the detecting electrode; ; : 

;.i02:,ia^ 

: dirdaisied^ : 9 : Illustrating :lhe char- ■ 

; ;acteristic ; of the :6xide; sensor ;50b; ; ^oir ; ©xample;! ; when : : 
;;th^: NO. concentration increases ; to ■ 300 ppniV 500 * jppm : 
; and ;i 666 jspm,; tha electromotive: force y2 detected; by ;; 
;;theypltm 

: :m v; : and 220 :rny iresp^cttvely; ■ :'; ■ 

: ; ; ;; ; ; The ;degree of the ;decrease in; elect rornotiye force ;; 

:V2 represents the NQ concentration^ 
; ;t romottve force ;y2i; wh ich; is outp utted; f rorn the rneasur^: ; 
.; irig oxygen partiarpi:essure-dete^^^ 1 00 cpnstiruct- • ; 



:: ;;:::ed: by: thc detecting electrcKde :l02i the Tefererice elec-;^ 
■ ; ; ti-dde' 74; and the first solid electrolyte Ijayer; 52d, riepre- ■ 
::,:;; : : s6nls thW NQ concentratio the rneasurement gas; : : ■ 
; : ; ln;the;oxide sensor 50 D according to the fourth em r : ; 
^ 5 bodiment,. the . width w_ of the measuring ejeclrode..?^ 
;;; ;:;;; along the ; downstream direction; of; the cohlroHihg oxY^;; 

•; ■ g cell iS' also i-estricted. ta 

■ b^ 

; ; ; ; ; ;first phambe!r:6b is represented by t, in the same manner 
io as the oxide sensor 50A according to the first erribodi- 
: ; V ment; Fu rthen the measuring electrode 72 : is arranged : : 
; ; ;; at the position at which the; projective ; distance d; from 
: : the dowhst ream end of the; inn er. punhpin g ; e lect r6da^_6^ 
; ;;; (the end iocaied on the side of the secorid diffusion rate- ; : 
; ;rf Vdetermi^ 

etectrpde 72: satisfies at least ;r3t d;; Preferatjty,: : : 
;;;;;;; measuring electrode 72 is arranged to satisfy rSt <, d ;S;;3t. 

:: Now, airi:: Illustrative w : 
: ; The; illustrative experiment wais carried ;buti as concern-;; 
;2a:;;^irt^dW^ig^ Cornparatiye Example;;^^ 

: : ;V: : ; : dor tb pbserye :the chahge in electromotive force :V2 of 
;;;;;;;; the : oxygen: concentration ceil;; generated between :the 
detecting electrode 102 and the reference electrode^^^^^^ 
; ; : ; of the rneasuring oxygeri partial pressure-detecting cell ; 
25 ; ; ; i oOi obtained by changing the ebncentra^ coMl 

;;;;;; tion =; 300 pprh). : while adjusting the voltage ; VI at; 300 ; 
my ^si. thei. eject rpniptivefbrcepf the ox^ 
: : : tion celUnclud|ng the measuHng electrode 72 :f or the first 
:■ ^30\-:\ ehamberieo. : Results; of the experiment are shown in ■: 

-i^ily:.f\(^^^<yW^ ■;;;:■■ :'::::■:-;; . ■.■.:; ;:-'^'V . . . ' ' : ' . 

;; The result concerning Example was o^^ 

. . in g a relative artang 

i : : : :V ^leclrcde 72!^^i oxide :S^hsbr: 500 to the ; ; 

; ; 3* ; ; ; ;fou rth embodiment- iThe result c^ 
; ■ Example was obtained by: using 3; relative :arrangem 

;;;;;; of ; d ;.=:; :-8t for; the ; measuring; electrode; ;72 in; the ; oxide : 

V .s 

; ; : ; ; ;lh :ebmparatiyie: Example; b ;r^'3!!ve ;af:-; ; 

;;4a ;; rangernentpf d = .r8^ the measuring point for;the;jp>artiaI :; 

A^.VV:AVpi^^^ 

; ; ; pressure-detecting cell 76 is ibcated at a position icorrpr ; 
;: : sponding to. an: intermediate portiba 

;; ; : ; ing elect 

;; ; ; ; ;pf ;02 cbntaihed; in ;the ; measui:ement; g^s.;^ 

::;^V:;::ijie:Cpntrol:j^ 

;;;;;; bxygeniat the; position:at which the;measuring;eiectrode ; ; 
^ ^ ^ ^ :^72i is arrianged b 

: ; ygen; iri:this casbi Ihet partial pressure of oxygen, is furf ; 
;5P; : ; : ther lbwered by a; reisidual portibn of the inner; pumping 

■ ■ velectrodie^^e^^^^ 

: ;: which the rneasuring electrode 72 ; is arranged/; ;ThereT ; 
: " : ; fbre. ■ the : measurementvgas is : supplied -to the second : 
y : :: :; ■: Chamber 62: in 3: state : in iwhich. the partiai :pressure :pf : 
; ; 55 ; ; ; oxygen is; lower than the; targe^^ part '^il pressure of oxy- 

--[' ^^■geh;.v^^.^''.J;v3;; ,, ' :.';.V,;. ■ y/\l'-^-- :\'' 

: ; Fbr this reason; in Comparative ; Example, when the ; 
v..;; . .;.;cbncentratibh of p2 cbntaihed in the measurement; g 
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::is: increased;; the. [electromotive force; V2 of [the oxygen 
' cbhcentratipn: cell betvyeeri= thej detect ing electrode 1 02 
: ; ahd the ref erencei eiectrpde :7 of ' the bpnt^ ling oxygen ; 
;;partial pressurerdetecting;ceii 76:is; incre^^ I^^H -.^ 

■her of expohehtial function; as illustrated c^iajn line . 

bishown in.piCa.- IO. 

: 8ii:i^^hg^nh^rit 6f id 

I : pressure; ; of : oxygen ; in ; the; \ controlling oxygen partial ; 

pressure-detecting located in the ■.vicinity of the; . 

dbwnstreani "erid: of the inn e r pum electrode 64. Ac- 
[ coj-dingfyii the ; partial ; pressure;;6f;;oxygen : in the; first;: 

chamber 60 is cbhtrblled to achieve a target partial pres- ; 

sure of oxygeri ;al a position apjaroximately; correspond-; ; 
ling . to. the d^ 

:'trpde: :64: : jri; ithiis : caso^ : as: Jilustrated: a ; solid: line : a ; 
; shown in : f \ G-v il 0, : the measurefnent ; :gas i adjusted to i 



the ; main pijmping; cell 68;; is ; supplied ; to; ;the; second ;; 
chambW 6i2;^^ 

: :sure; of ;pxygeii : |s^ maintained;; :;:::: 

V; ; ; As described above, as: for the oxide sensor SOD ; 
.accprding.to the 

jjppnents; in; the measiurement gas; can be suppijed :t6:ihe; ; 
second, charhber^ 62 -without decomp 
tiohiwhile allowing them^ 

; timum partial pressure of oxygen Thus the; oxides; can 
be meas^^^ 

: prtfie measurihgVpxyge pressureijetectirig: cell : 

jTheoxid 

; to fourth embodiments have; been; explained iabove^ in ; ; 
yWhicihVoirijyb^ 

: fihst iChamber : :66 ;bxide ; sensor pf ; ;the;V 

; present; in vention; may j be : constructed such i that a; p\ii;r: 

rality of second first 
I chamber 60;to simultaneously measure a plurality of ox- ; 

ides of different types. 

: " 1 1 is ass umed, : for exannp|e, a th ird ; chamber: ; cori- ; ; 
; siructed in th e same mariner as th^ second chamb^^^^^ 
/ is cbnnectbd in s^ e secpnd.chanriber 62 through 

; a diffusion rate-determ ;section and :the measurjng ; ; 
.pumping:C^ 
■■pumping :yoite^ 

;eiectrbdetVp2 ap^ the ; detecting electrode 82 for ; ; 
/the .second chairiber 62; is;a^^ 

; trpde for the third; chamber. ;Thus it ;is possible to; meas-; : 
ure anpxidevyyhfe 

: ured: in :t^^ Measuremetnt can :b^^ : : 

; perf orrned in the sariie; hri^^ when the second cham-; ; 
::ber:is provicfed:With the measuring oxygen pa 
;sure-detectihg;ceii;in place: of ; the measuring; pumping ; ; 

::Th a pxjdes :tp bp measure^^ second and third : 
i; charribersinciu ■ 

■ and S02V^^^^^^ 

; jhected in; parajle j to; the; second; chanriber; 76i;; ; ;;;;;;;;;;;;;;.:; 
. : . It is a matter of cbiirse that .the oxide sehsbir accord- :^ 
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ing to this invention is hot; linriited to the embodirrients 
described above ■ whi in other var- 

ious forms ;Within .the - scope of .the. il-iventipn.; ;::;::; 



Claims :;;;:^;;";y;:;:::;;;;;;:;':;;;;;;:; ;';:;:;;';;;;;'; ;;.;:^^ 

1. An oxide serisor cpmprising:^^^^^/^^;^^^^; :^^ 

a rnain purnping rrieans (68)' including a solid 
: : electrolyte:: (52f) :: for: : contact ing: : with: ■ external ; 
sjaace; arid iinher and buter-lelec^ 
fbrmed on inner and outer surfaces of said solid 
electrolyte; (52f), for performing a ; pumping: 
process : for. .pxygen contain ed^ i measurer 
: :ment gas ■ introduced frpin ^aid extemai space; : : 
; on: said: basis^ of a contrbi vo!tage (Vpl) appli^^ 

between Saiid electrodes (64, : 66)v ;;:■': ^^:^:^:':^^^:^:^:^::^^^ ::::■: 

a concentration-measuring means (76);includ-;; 
■ ] irig a sblid. eiect^^ (52d)i an irinisr nieasu ring 
: : electrtiie; (72) fbrrhed bri said s ; eiiBctriplyte ; ; 
: : : (52d) : so that: said inner measuring electrode: 
(72) is opposed to .said iririer pum 
(64);of said rnjain; pum ;(6a), and an;; 

outer rneasu ring electrode (74) fbrrried oh said . 
soitdelecti'biyte:{52djbnaside,opposite^ 
; ; inner measui-ing electrode (72), ; for measuririg 
an electroniotive force ( V1 ) of an.oxygen Cph- 
centrat ion celli: generated corresponding to ia 
: : difference^ in; partial ;pressu re Ibetwee^ 
resulting f rbrh said purripihg jarocess perfbrrn^^ 
; : by said main ;piirtipirig; means; (68); arid oxygen; ; 
V contained in a gas exis^ siide bfsai.d pu.ty; : 

:; : ; ; er measuring elefctitide: (74); ; ; ; ; ; •; '; 
:i:::namaihpurnj3m 

:ing a level: of ;said control voltage (VpT): so that: 
; ; said electromotive force : ;( VI ) : of: : said; oxygen :; 
\ .conceritrat ion. cell detected by said concent r^;^ / 
; : ; tibhrrheas unrig; ; iTieans;V:(7^ ; has ; ja ; ;predeter-: ; 
'■■ mined yaiue;: 'arid : '■ ? 
.an .electric:, sjgnajr^^^ 
; : ; ; : means ; including: :a: :sp!id : electrolyte ; (52d) :and: : 
; ■ .iririera^ 



so 



65 



■ lyte (52d)i: fbirprpytdirig,^ by cbriyeirsibri; arilelec;^; ! 
trie :Sighal (Ip2: or' V2) c 

amount :of;oxygen contained in^ said measure^ :: 

■ ment gas^^^ subjected to sajd purnping 

: :prcce^S :'::perfbrrr)ed:; by : ; said main pumping : 
means (68)/wherein: ■:: ; ! ::: I- 

■ said inner measuring electrode (72) is arranged 
'at a position at Wh ich -3t ^ d is; satisfied :prbvid-; : 
ed that a' dpymstiream a; space v 
for :^aid: pumping :pt;pc ess by : said : ■ 
main punnping means (68) is defined a posr 
itive direction, .a ^h for saidA 

. pumjping prccess isrep by.ti and a pi;oH:; 

jectiye .distaiice .betw a dbwhstrearri erid bf .■ 
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: : said inner pumping electrode (64).of said main 
• ; pumpiiig nrieaiis^^ center of said inner 

; : ;;; : : rneasuripg eiectrpdjb (72) bf said cpncentratipn- 
measuring means (76) is represented by d; and : 
- ■ whereiii:; V' '. ■ ' 

;; ;:; oxidesiin saidmeasurement gas are measured : 
... on. ^he. basis.pt said electric signal (Ip2 . or V2) 

conversion: means.: 

2.; :V- :T^^ accbrding to clalm 1 .wherein said : 

electric signal-geiiei-ating converision ineans further ; 

..".'. * ..".conriprises:: ./ 

;^:^^;.: : . :. :1^^^ 

ielectrode ;(82y -f djrhed on; said solid electrolyte 

;:;:=;:: sald solid electrolyte ;(5i2d j on ; a ; side opposite ;; 
to said inn Gfr . detecting electrode (82), f or per^ 
: : ■ : : :f prm Ihg : B : pumpin g: : p.irpc.ess: : for ;. said bxy geri: ; 
; ; ; : ; ; ; contained in; said ;m^ after being : : 

V.s^ perfprmed ■ 

; ; ; ; ;by said main purriping means: (68), on the bas is ■ 
A ^ of a measuring voltage (Vp2) applied l^etwi^ 

^^^^^^^^:':':V: V S^ 

' ■ 74);:and''''''^ ""r^"-': ■ . 

purpping curi;0M: (!p2y:^enefated 
;. . .; ; ; ling ilo ;an ; ^ 
^^^^^^^^^^^^■^'^^ : :S^^^ pumping process perfprmed by said meas?: : 
" Uring pumping means (84), wherein: . . : 

; : : measured oh the basis of said purnping cu rreht ; 
; ; ; ; (Ip2) detected by said current-detecting means 

3i The oxide sensoi-' according to claim 2i wherein said 
: ; measuring pumping ; rnearis;: ;(84) ; performs; ; ;said : ; 
- - purriping process for said.oxygen produced by any 

A p^ 

; ; ; ; ; sufficient 1p decompose ; said; pxjde^s : between. ;said 

' ^ "'ari' o ;:in ' said::'; 

I ; ; ; rrieasuringlp ; nieans; ; (84^ ; :ph ■ the ; basis; of ; 

■ :■ 

:;;;;;: ; inner and :0uter ;detecting; electrodes (82, 74):: ; ; ; ; : 

4- ■ V: :The oxide senispraccording to clainri 3;: w^ : 
;;;;;;;;; ;oxidei-dee6mposihg; catalyst is ; ah ; Rh ;ceirrnet: ; : ; ; 

5. : : : Tihe oxIde sensor according to clairiri ;1 ; whe reih;said ; ; 
: ; j ^electric sigha^^^ 

::,::::::PpmFM;iSeS::::'::::::^ ■.:•::'::'■:':■*:■:*;:::;::::: 

.v.^.^^^^. . . .a^ fTiean s-.(1 00| includ- ■ 

;; ; : ; ing said sbliid electrolyte ;(52dj. an inner detect^; ; ; 
;; ing electrode (1 02) formed.ph said sbUd ejec-^ : 



:: ; troiyte; (52dj, and said outer electrode (74): 
V ■ fprrned or) said solid ejeictrplyte (52d) on a sjde 
: : ppppsitiB ; :tp : : sai ; :,iiiner: - detecting : , e|ectrpde: ; 
; ;;{i6i2), for ;generating an; electrornotive^ 
: 5 ::::.;: : ^y^) cbrrespondipg to 3 .dlffererice^b an 
aniount of oxygen; contained in said measure^ 
^ : ^ ::::■: : meht 033 afterbelrig subjected to said purhpihg 
■ .^V: .:V.;V^'^ ■ by/ Vsaid :' 

:;;;;;; means; ; (68) and ; an ; amount: of oxygen ; con-; 
jo . ;; : tained in "said gas existing on said, s^^^ 
'•^^;::::::::::;-:^^-:OiiXeT: detecting elect rode (74); and : ; • : 
; i : ; : a v6ltage-<Jietectihg; means 1(1 04) fbi' detecting '■. 

;:V::: ^ .^^ : v^^^^^^ electj-omotive fofc ei;(y 2) generated b^^ 

:; ::;: : cohcentratlon-detecting moans (1 66), wheriain: 
;ri; ; ; ; ; said . pxi '.; said - measure :. are 

:V:V;:V:-:;^^ 

;;';;; ; i force (Y2); detected ; by ; said ;yoltajge<ietectihg ; ■ 

■V: :■:■:■ ■ :'•:. meanS. (1 0.4): ': ; ■ 

20 6. : The oxide sensor according to clairn 5;: wherein said 
; ; ; : : : dbhcentrationrdetecting ; ; ;rt>eans ; ; (1 00) :; generates ; ; 
; ; said elect ronriotive^; force (V2j of an; oxygen concen-; ; 
, ' tration cell, corresponding to a idiff erence in partial 
; ::;;;:; ;;: pressure betyy produced by an action of ; ; 

25 ; V ah oxide-decomposing catalyst ^ arrangeid. in Isaid / 

: ; : : : : C 

;;;■;;;;;;:"= gen contained in said gas existing; oh; said side of ; 
said outer detecting electrode^ (1 02), , 

■3Q]\ ^ The oxide sensor accord ihgt6:claim_ 6;; wher^ 

^:^:^;^:^;^^^^^^:^^ : O^^ 
.1. .VV, 8 

::::::: :;;; : ;; :tb:7.;.^^^ (72): 

,35,; ;; ;;;;;; of ; said; Coricentraiibn^detecting ^meahs i (76); ;is; ar-; ; 

':::y.^;^^;^^ ;;:ra^ 

A : . ; 9^ sensor aceoi'dihg to any one: of clat^^^ 

:to;8, wherein said inner nneasurihg electrode; (72) ; 
; of said ; cpncentratipn-lTi easu ring^^m^^^ h^s a v 

'.:;:;':' .':::;;isnes:W.<:'.5t...r .:';; 

^ : : : : : : ; 1 0^ The oxide; sepsor Bccordi^ any one: of claims 1: 
;j ; . i . to ;9r vyhereih ;said; inner ;pumpihg ;electrpde; (64); of ; ; 

:V;:V. :Yi : r; ; ;W^^ 

; ; ; ; ; irvact ive ; material ; having a low : catalytic ; activity: on ; 

.V; . . . ; -ivSaid .oxides. .L _ : ' ;'::■::;;::•:;: . -':V: V: 

;:5p: ; ; 11^ The oxide; sensor accordihg to any one of claims; :1; ;; 

.v:'.-;^-^^-:-.; ■ . ■■: t 0, • whereih; said cwcides are; n :::;:.: 

y : :: : 12.: 

■:;:;■ VrW y:':':^^^^ : j jail: : 311X1 liafy V: pUrtljDing : : 

; 55 ; ; ; ;;.; ; ; ; ; ;rneans ; (1 1 2) including ari ; auxiliary; purnping elec- : 

;:; ;;:;:; ;;V;tecting; electrode (82 or :1 02) ^ wherein said bxygeri ;; 
: : ■ ■ . cpht^ in said nrieaisurement gas iaf tier being siib-^ 
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jected to said pumping process perforrned; by said ^ ^ 
V :'!r^ (68) is subjected tb a pUm^ 

; : : : : : : : : prOCe'ssVp^^ iS Of 3 VpllagG (VpS) Op j^I jecJ . : : . i ; 

: between :said auxiliary pump ing eiectrtxie ( 1 1 4) and : ; ; 
^ • ^ ■ ■ ^ ■ said outer detecting electrode (74) A ! V v ' \ ■ . .s;'; 

:1 3J; ..TTie oxide sisris 

:::::::: js; arranged at a position :exposed to a ; space (54) i : ; : : : : : 
yi^ introduced. IQ 

: 1 41= : fThe ibxide: sehisdr according ; to ariy ipiie; of ; claims; 1:; ; ^ : : i : : ; 
; : : to 1 3/ wheroin sald outer nieasurtrig eloct^ 

and; said outer d electing electrode ; (74) ; ;iare com- ;;;;;;;; 
■- '. biped into a common un it . ■ • j 5 

; ;i 5: ^ the oxide sensor ;according to: any one ot claims ; 1 : ; 

V;:':.: Xo :1 4."-wherein:':V- 



: : : : : V . said. ^03 p^umpirig means (68 jv includes;, said • ■ ; ^ 
Jnrier : arid outer: pumping : electrodes ; :(64, ; :66) 
; ; ; formed at ithe^ Jriside and the outside: of a first : : 

V.V c^ 

;;;;::;;;;;;: ; ippsed of solid ; electrolytes (52dj ; 52g, ; 52f )/;f or ; ; ; : 
^ introducing said measurerneht. gas. ; thereinto,, ^.^. .-^ 

':;:^;;::;';^:;^::ar\<i ;said substrate intenposedybetWe 

i'nV;; ;;';;'. ;y; ;;;bbth: electrodes^ 

- ,S^ : 

: : ; : cludes salcJ mejaisuririg electrodei (72):f prmed at :::::::::: 1 9. 

■ : : ; the iris ide of said f i rst chaiT|ber (60) ; a ■ '^o \ ; 

Vr rV : a'Tof erence ^gas-lntro- : : : : 

: I;!; ; ducing;;spacG::(^^ 

V:^^';^^: V : V s 6f ; said; / sol idv elect rolytes ; y ; 

: : ; ; ; y;(52b ■ 52^ ifitirpducirig a ref jorence gas : ; : ; 
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